LMITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIGN IX

75 Hawthorne Strast
Ban Francisco, TA 841058-3901

Sent via email only

February 5, 2021

Rebecca Hollis

Clean Energy Systems

3035 Prospect Park Dr., Suite 120
Rancho Cordova, California 95670

Re: Technical Evaluation Comments and Information Request of CES’s Responses to
EPA’s Initial Technical Evaluation Comments and Information Requests #1-4
CES-Mendota Site Underground Injection Control (UIC) Permit Application
Class VI Pre-Construction Permit Application No. ROUIC-CA6-FY20-1

Dear Ms. Hollis:

The United States Environmental Protection Agency, Region 9 (EPA) has conducted a technical
evaluation of CES’s responses to EPA’s technical evaluation comments and information requests #1-4
for the subject permit application. Based on our evaluation, almost all of the technical issues and
questions we raised have been sufficiently addressed, however we identified some additional information
and clarifications still needed for EPA’s continued evaluation of the permit application. In addition, many
of the resolved issues require agreed-upon updates to CES’s Plans and other components of the
application. The additional information, clarifications, and necessary updates are identified in the five
Enclosures, which track with our prior information requests. However, we did split the fourth request into
two documents, with one focused on construction issues and one addressing testing and monitoring.

Please submit the requested information in the Enclosures by March 5, 2021. If you have any questions
about this letter and the Enclosures, please contact me at (415) 972-3971 or call Calvin Ho at (415) 972-
3262.

Sincerely,

Digitally signed by DAVID
DAVI D ALBRIGHT
ALBRIGHT %236?021.02.05 12:42:14
David Albright

Manager, Groundwater Protection Section

Enclosures

cc (via email): Chris Jones, CalGEM Inland District
Clay Rodgers, Central Valley Regional Water Quality Control Board
John Borkovich, CA State Water Resources Control Board
Amit Garg, CalGEM
Vincent Agusiegbe, CalGEM
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ENCLOSURE 1

Evaluation of Applicant Responses to EPA's Technical Review Comments on the Geologic
Information in the CES-Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-Mendota
Class VI UIC Permit. EPA’s Technical Review Comments and recommendations (dated August 9, 2020) are in
blue text. CES’s responses (dated September 30, 2020) are provided in green text. EPA evaluations are
provided in red text. EPA expects that these questions can be answered based on available information and
requests that they be addressed in the updated permit application that CES plans to submit later in 2021. Note
that CES provided an Appendix containing several figures, some of which are marked as confidential business
information: none of those figures are replicated in this document.

1 Additional Information on Formation Use
and Supplemental Figures

Primary Formation Description and Intended Use
Formations of

Interest

Garzas Sandstone The Garzas sandstone member of the Moreno formation represents a major

deltaic complex and overlies the Moreno Shale. This zone will be monitored
for above confining zone migration of CO..

First Panoche Shale The First Panoche Shale is intended to be the primary confining zone that

Primary Confining Zone will vertically contain most or possibly all the injected CO». Because it is
relatively thin (127 feet) and because its lateral continuity is unproven, this
formation is not being relied upon to contain all the injected CO.. Currently,
this formation is interpreted to be continuous within the model domain.
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Fourth Panoche
Potential CO, Injection

Formation

Although not the target of this project currently, this formation may have
potential in the future for CO; Injection.

Table I:Formation Description and Intended Use

Table 2: Summary of Inconsistences Addressed

2 Regional
Geology and
Geologic
Structure

“Core samples are available from 1 well (NAPA
AVE A/1, about 3 mi to the east)...”

4 Depth, Areal
Extent, and
Thickness of the
Injection and
Confining Zones

“The primary confining layer is the Moreno
Shale,...”

5 Hydrologic
and

“...and so the water well summary in that document
does not agree with the application narrative (Section

Zone Formation
Water

Hydrogeologic 5.1.1 of Attachment B)”

Information

6.1 “The table does not indicate which Panoche Sand the
Characteristics value represents, and the depth is shallower than the
of Injection target formation at the Mendota site”

6.1
Characteristics
of Injection
Zone Formation
Water

“CES anticipates a salinity of about 25,000 mg/L at
the Mendota site, although it is not stated what this is
based on other than possibly a general increase in
salinity moving westward.”

6.2 Mineral
Composition of
The Injection
Zone

“However, Table 7 does not specify which Panoche
sand layers the data represents.”

10 Facies
Changes in the
Injection or
Confining Zones

“The description of the lithology from the B.B. Co 1
well is at a depth corresponding to the Fourth
Panoche Sand. Figure 5 in the application narrative,
however, shows the Second Panoche Sand as the
primary injection formation, with the Fourth Panoche
Sand as an optional formation.”
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11 Structure of
the Injection and
Confining Zones

“Future cross sections should show an aerial view
with transects labeled.”

13 Confining
Zone Integrity

“The current porosity and permeability estimates for
the Moreno Shale are 8% porosity and 4.7 mD for

permeability (Table 3). The porosity appears low and
the permeability appears somewhat high for a shale.”

EPA Evaluation of Response: Response is acceptable. Edits should be incorporated into the revised version of
the permit application.

1.1 Update to Regional Geology, Hydrogeology, and Local Structural
Geology [40 CFR 146.82(a)(3)(vi)]
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Figure 1: San Joaquin basin depositional model showing structural and

stratigraphic traps; The yellow star indicated the proposed Mendota INJ 1 location.
(Hosford Scheirer & Magoon, 2007)
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Figure 2a and 2b: San Joagquin basin depositional model showing three possible depositional
scenarios for the location of Mendota INJ 1. Modified from (Hosford Scheirer & Magoon,

2007
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Figure 2c and 2d: San Joaquin basin depositional model showing three possible depositional
scenarios for the location of Mendota INJ 1. Modified from (Hosford Scheirver & Magoon,
2007)
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Figure 3: Stratigraphy column. Schlumberger Petrel™® 2020.
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EPA Evaluation of Response: The overall discussion of the geology and the diagrams is clear and helpful in
understanding the regional and site geology., We have a fow questions related to the diagrams.

Follow-up Questions/Requests for CES:

e Regarding the locations of the Mendota INJ 1 well in Figures 2a — 2d, are they supposed to be the same? They
appear to be in slightly different locations within the block diagram. Is this intended to simply represent
uncertainty in where the sands pinch out?

s Isthe 2™ Starkey the same as the 2™ Panoche? If so, then is it coeval with the Tracy sands? The diagram in
Figure Z¢ (modeled scenario) shows the well penetrating the level of the 3™ Starkey. In the “likely scenario” in
Figure 2b, it appears that the well goes as far down as the level of what might be the 4™ Panoche sand. Although
the 3™ and 4% Panoche sands are potential injection scenarios, should the diagrams in Figures 2a-2d represent
the planned injection into the second Panoche?

2 Regional Geology and Geologic Structure

The Mendota site is located within the central San Joaquin Basin, situated along the basin’s deepest axis.
The basin contains 25,000 feet of sediment, spanning various changes in sea levels and tectonic settings.
The San Joaquin Basin trends NW-SE and is aligned with the Sierra Nevada at its eastern edge. The
proposed injection zone, the Cretaceous age First and Second Panoche Sands of the Panoche Formation,
and confining layer, the Moreno Shale, pinch out against the Sierra Nevada basement rocks to the east. In
addition to the Moreno Shale, laterally heterogenous turbidite deposits form interbedded shales that act as
stratigraphic traps within the Panoche Formation (page 15). The central San Joaquin Basin is shown in
depositional model in Figure 3 and cross section in Figure 4 (page 16) and stratigraphic colummn in Figure
5 (page 17). In this part of the basin, the subsurface dip is approximately 4 degrees to the SW (page 18).
CES delineated a pressure-based area of review (AoR) that extends over a 2.2 square miles surface area
to the northeast of the proposed injection well (it is all within a 2-mile radius to the northeast).

The permit application is based on log data from 10 wells to the north, east, and south of the proposed
injection well. Resistivity logs were run in all 10 wells; most also have spontaneous potential (SP) or
compressional slowness (from acoustical logs) or both; 3 have gamma ray, bulk density, and neutron
porosity logs. Core samples are available from 1 well (NAPA AVE A/1, about 3 mi to the east). While
there are no well data to the west of the proposed injection well, CES acquired 2D seismic data for
areas to the west.

3 Faults and Fractures

To evalnate the faults and fractures in the region and in the AoR, CES gathered faulting data from
public sources and interpreted them locally across three 2D seismic lines (Figures 16-18). These seismic
lines are shown in three dimensions in Figure 19 (page 31). Most of the faults in the area are small
throw features, with a few exceptions. Faults 1 and 2 trend north and separate the Mendota AoR from
the Gill Ranch Field to the east. These are shown in the seismic line in Figure 16. The location of Fault
1 is indistinet, and more information is needed for accurate positioning (page 26). Faults 3 and 4 are
located nearer to the proposed injection well and have small normal displacement, but do not appear to
extend above the Third Panoche Formation. Fault 13 dips approximately 30 degrees SE and passes
below the Mendota INJ 1 well injection target at a depth 0f 9,850 TVDSS. The exact nature of this
feature is unknown, but because its dip orientation is perpendicular to the regional principal stress
direction of ~N45E, CES interprets the fault as strike-slip or due to wrenching or differential settlement
in the basin (page 26).

A fault seal analysis was conducted on Fault 13 using a geocellular model. Based on this analysis, CES

concluded that sediment displacement across the fault is likely low, and that injected fluid will therefore
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be confined to the Second Panoche Sands injection zone. If sediment displacement is high, injected fluids
may migrate but would be limited to zones below the Moreno Shale because the clay from the Moreno
would smear along the fault during displacement (pages 26-27). The clay content, based on Fault Clay
Prediction, is shown in Figure 22 (page 33). At this time, no hydrocarbons have been identified in
exploration wells to determine whether the fault is sealing. Furthermore, CO» plume simulations show the
plume migrating to the northeast, away from Fault 13 (page 27).

3.1 Questions/Requests for CES:

z

o Whai are the blue lines that frend NW.SE in Figure 147 Do these vepre

;
wihich ones?

d fandis, and i an,

i 325 N o - . PN
o {he texi on Figures 16-14 e o ddeniify Fonds 1) 2
3 4 and 13 o8 Figure 19 &scnmi or pesciili
Y iy i , S R v Rrptertar £ ) o PRI P L
Cn page 15, the application staiey thay shere are two known furdis near the Mendoig site. To

which fwa fandis dogs this refer?

EPA Evaluation of Responses: The responses in this section are adequate given available data, and the updated
figures are helptul.

3.2 Objectives for Pre-Operational Testing:

o Defermine the position of Fawdy I via 30 seismic data,
- crmine the nature of the digplacement of Fauly 13,
o
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o Perform 3 geomechanicnl modeling baved on date coflecied via well fogs, peomechanica! core
} A

¥ T RN I, SEreY s M AT iz Y vafommies stesies den Derior o -
aualysis, and well testing, combined with 383 seismic duta o befrer charag

- o St G fs
g ing fauily in fhe

aveg and defermine thelr sealing capacity and that they are non-fransmissive,

EPA Evaluation of Response: CES’s notes above are acceptable. The proposed sample collections and seismic
modeling should provide a good basis for owr understanding of the fanlt and fracture activity at the Mendota site.

4 Depth, Areal Extent, and Thickness of
the Injection and Confining Zones

The Panoche Formation is regionally located at 8,000-12,000 feet below ground surface (bgs). Based on
the stratigraphic column (Figure 5), the Second Panoche Sands (the primary injection zone) is
approximately 8,900-10,000 ft bgs. A second, potential injection zone is the Fourth Panoche, located
from about 10,900-12,500 ft bgs. These intervals are also shown on the cross section in Figure 6. Section
2.2 of the application narrative states that the proposed injection targets are the First and Second Panoche
Sands, whose tops are estimated at depths of 8,437 and 8,918 ft bgs, respectively. Formation surface
maps (Figure 12) and isochore maps (Figure 13) show that all units are laterally continuous across the
region.

According to the isochore maps in Figure 13, the First Panoche ranges in thickness from about 275 to
750 ft across the 5-mile radius from the Mendota site, the Second Panoche ranges from 780 to 1,170 ft,
and the Fourth Panoche ranges from 1,400 to 2,500 ft.

The primary confining layer is the Moreno Shale, which is regionally located directly above the
Panoche Formation at 7,000-8,000 ft bgs. On the stratigraphic column in Figure 5, the Moreno Shale is
located at 7,350-8,450 ft bgs (page 17). According to the isochore map in Figure 13, the Moreno Shale
ranges in thickness from about 500 to 1,650 ft across the 5-mile radius from the Mendota site.

Secondary stratigraphic seals are provided by shales within the Panoche Formation. According to Figure
5, the First Panoche Shale is from 8,800-9,000 ft bgs, and the Third Panoche Shale is from 10,300-
10,900 ft bgs. According to the isochore maps in Figure 13 (page 25), the First Panoche Shale ranges in
thickness from about 60 to 190 ft across the 5-mile radius from the Mendota site, and the Third Panoche
Shale ranges from about 200 to 1,100 ft.

The north-south trending cross sections are corroborated by the 2D seismic data, in terms of dip and
approximate formation depths. The images based on seismic data do not show the separate shale layers
within the Panoche Formation, whereas the cross-section does. This will be confirmed via pre-
operational testing and the planned 3D seismic survey.

The table below summarizes the depth and thickness of the formations of interest.
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Unit Depth Approximate thickness across
AoR (Figure 13 isochore
maps)

Moreno Shale 7,332 ft bgs (Narrative pg 18) 500-1,650

First Panoche 8,437 ft bgs (Narrative pg 18) 275-750 ¢

First Panoche Shale 8,800 ft bgs (Figure 5) 60-190 ft

Second Panoche 8,918 ft bgs (Narrative pg 18) 780-1,170 tt

Third Panoche 9,950 ft bgs (Figure 5) 150-750 ft

Third Panoche Shale 10,300 ft bgs (Figure 5) 200-1,100 ft

Fourth Panoche 10,900 ft bgs (Figure 5) 1,400-2,500 ft

4.1 Objectives for Pre-Operational Testing:

- & S S o riged coeiiic ovd $haeo SR foe bieve cewi el oee ie vy g ers sif e I eterTes i rer FliEyieerd
o Confirm thicknesses and depths of the Infection and confining zones af the Mendoiw site thvough

ing drifling of the proposed

R A SR | ey o £ s iy NN 3 SV S S
seismic imaging and formation goaine section well and deep

moniioring well.

EPA Evaluation of Response: CES’s confirmatory note here is acceptable.

5 Hydrologic and Hydrogeologic Information

The lowermost underground source of drinking water (USDW) is an unnamed interval within the Santa
Margarita Formation that is estimated to be present around 1,600 ft bgs (page 18), or 1,415 ft TVDSS
(page 57); this is located 7,165 feet above the top of the Second Panoche Sands (page 59). The total
dissolved solids (TDS) content was determined by applying Archie’s equation to the resistivity logs of 5
wells to the north and south of the Mendota site to determine TDS values. CES states that calculated
salinity indicates that the base of the USDW is between 1,200 to 1,450 feet TVDSS. Uncertainties in this
estimate include formation porosity, Archie equation parameters (standard parameters were used for
now), and the effects of clay (page 57).

According to field data sheets for wells located in nearby oil and gas fields, the Jergins Formation at
Cheney Ranch and the Blewett Formation at Merril Ave have salinities of 8,500 and 15,000 mg/L.,
respectively. The Jergins and Blewett Formations are in the Moreno Shale. Salinities of these sands at
the Mendota site will need to be confirmed via sampling and analysis during drilling of the
characterization well.

CES retrieved shallow groundwater well information from the California Department of Water
Resources. There are 525 active and non-active water wells within a Smile radius of Mendota INJ 1,
in all directions from the proposed site. Accurate locations of these wells are not known at this time.
The wells range in depth from 50 to 500 feet. Their water levels, which were recorded at the time of
drilling, were used to estimate groundwater elevation and flow direction. At the Mendota site, the
shallowest groundwater is around 32 feet bgs (114 ft TVDSS). The San Joaquin River flows north
south and is 0.6 miles east of the site. For the AoR and Corrective Action Plan in Attachment B, CES
used a fixed well search radius of 2.5 miles in order to account for uncertainty in the model, and so the
water well summary in that document does not agree with the application narrative (Section 5.1.1 of
Attachment B).

5.1 Questions/Requests for CES:

FThe application statey that the base of the lowermosy USDW iv estimated bevween 1,200 0 1450
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EPA Evaluation of Response:

i

e depifi fo the UNEVWY is esfimaied ae 1,315 TVISS. Please clavily the

Pl

15

.
GESCFERanCY.

¢ provide o legend or labelfed contours for the poferiiomeiric map in Figure 47,

Plec

P
T
ey

-

What ix she vertical distance besween the First Panoche Sands and the lowermost DS

7 i of the

Figure 46 includes ¢ fine marking the baze of fresh wafer of J0,006 THS Secrion 2

37

uppficution narrative discusses a REW of 3,000 mg/l. Please confivm that ne evalvarions of
the fowermaost USDW are based on g definizion of 3000 mg/i.

e

e the M’ Vand the USDW based on sufinity, but the

3 ;’(,.;sw o read the legend. Please provide u %ig{i;@ﬁ‘m(éf ftion

few follow up guestions.

Foliow-up Questions/Requests for CES:

e Ifthe method of estimation to the top of the USDW was the same as the metheod of estimation for
depth to the base of the USDW, how would it be possible for the base to be any higher than the
estimated top at 1,415 ft TVDSS?

e The resolution of the updated Figure 45 is still too low. Even with the addition of lines marking a point
of 10,000 ppm TDS, it is unclear on what basis the BFW and USDW arve delingated, since these points
do not always coincide. Please explain the basis for separating the BFW and USDW in Figure 45,

Objectives for Pre-Operational Testing:

Sample formation wuier collected durisg drilfing of the infection und monitoring wells o

i 13 ' ' TR Povevy srEied g
o avaifable rexiviivity fogy and data

determine the buse of the lowermasy USDW und confs
ey p

from nearby flelds is representative of the

S »

Mendoa site.
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EPA Evaluation of Responses: CES’s responses are acceptable.

6 Geochemistry

6.1 Characteristics of Injection Zone Formation Water

There was no available formation water information in the Panoche Formation at the Mendota site.
Available formation water information from nearby oil and gas fields shows that TDS is 20,900 mg/L in
the Panoche Formation at Gill Ranch, and 14,000 mg/L in the Moreno Shale at Cheney Ranch (Table 6).

There appears to be only one data point in the table for the Panoche Formation, at Gill Ranch, which is
approximately 6.5 miles to the northeast of Mendota. The table does not indicate which Panoche Sand
the value represents, and the depth is shallower than the target formation at the Mendota site. The text
states, however, that there are wells at Gill Ranch that penetrate through the Fourth Panoche Sand. CES
anticipates a salinity of about 25,000 mg/L at the Mendota site, although it is not stated what this is based
on other than possibly a general increase in salinity moving westward.

CES states that logs from wells in the AoR do not indicate that any sand unit has formation water fresher
than the Panoche Formation and acknowledges that this is an area of uncertainty. CES also states that
formation water sampling for the Panoche Formation and overlying sands is included in the proposed
testing plan in Attachment G. The plan indicates fluid testing for geochemistry in both the proposed
injection well and observation well. Table 10 of the Testing and Monitoring Plan identifies analytical and
field parameters for fluid sampling in the injection zone. It includes TDS along with a suite of other
parameters.

6.1.1 Questions/Requests for CES:

N

Cthe date values v Table 6 based on fhad sampling o well loge? i so, how many
)

data poiniy do the values vepresent?

2

LN Ll P 2vpsds so A8 e § o rey 5 ek 5 O ¢ J venida o b i f i g3 fiyar
The dota poinf from GHl Ranch &5 8.5 miles mm} GG PERTESONIS o fgef.?;;’f shatiowey .e;%ms the

i

Mendota infection zoge. Cheney Ranch is wgm

’)

SRS B vide *1’3?(3?551& fon 1o demongiva

representative of the Mendoa sire.
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EPA Evaluation of Response: Because CES will be collecting pre-operational data, we understand that the site-
specific geochemical characteristics will be characterized at a later time. Our questions below about the existing
data aim to botter understand the existing data and how it will eventually be compared to site-specific data (and

should be addressed in the updated permit application

that will be submitted prior to construction). However, this

data (and the clarity) are not as crucial to understanding the proposed site as the planned pre-operational data
collection. The first answer in this section is acceptable.

Foliow-up Questions/Requests for CES:

CES states that the data source (Conservation, 1998) does not provide the depths from which
samples were taken, sampling method, number of samples, or the specific wells where the
samples were collected. Are there available additional sources that can be used to corroborate
the findings from the Conservation report?

Table 6 includes depths for the samples taken. Can CES confirm the source of these depth
values, if they are not from the Conservation report?

On page 63 of the Permit Application Narrative, it is stated that, “The salinity tends to increase
to the west away from the recharge area (Gillespie, 2017) (pg. 63).” but the lowest salinity
vahie recorded in table 6 comes from Cheney Ranch, 12 miles west of the proposed site. Is
there additional evidence to support the assertion that salinity increases towards the west, or can
CES provide reasoning for the low salinity value reported at Cheney Ranch?

6.1.2 Ohbjectives for Pre-Operational Testing:

Confirm the T8 values in the sand wnits within the Panoche Formarion and in the Moreno Shale

o TP, Fitor wans fert crpiorbuore T flhas smioefres < P Feysre e £01 0iRisierr st fhe vrpoehonsionst
Obtain g complete wator anlvsiy in the Injection zone 1o provide inputs fo support the geochensioal

2

x e - £ M
fo doia from

ez fior iy o 2 £y 5% 143 e Iy oren s¥vr¥d g [N
modeling and determing whether availab ey

SNPSRRS 1) MU NN SR SPUNIRIORIOETSS AP S5 PP NN a0 0.3 VRO
site, The analytical povameters should maich/provide o bassl SRR HEI S

ine for future sesting and
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EPA Evaluation of Response: The proposed pre-operational tests are adequate to support the geochemical

modeling effort. All of these parameters are identified in the Testing and Monitoring Plan, except specific gravity,

tarbidity, hardness.
Follow-up Questions/Requests for CLS:

s Please also include specific gravity, turbidity, and hardness in the Testing and Monitoring Plan for
consistency.

6.2 Mineral Composition of The Injection Zone

Mineralogic information for the injection zone comes from the Fourth Panoche Sand at the B.B. Co 1
well, which is in the AoR (within 2.5 miles northeast of the proposed injection well). The estimated
mineral composition for the Panoche Formation described in Table 7 is proposed for geochemical
modeling. However, Table 7 does not specify which Panoche sand layers the data represents. Data
specific to the targeted injection zone (i.e., the First and Second Panoche Sands) at the Mendota site
will be needed.

tHated mineral camp

The testing plan in Attachment G describes planned core analysis by x-ray diffraction for core samples
in both the proposed injection well and deep monitoring well.

6.2.1 Questions/Requests for CES:

- i s N tren et ovwess wapn PR U N oss o Eomenume sns e ond Forersds e
o How many core sumples are proposed (o be analyzed and from what depths?

o flees CES propose io perform offier analvses of core samples besides XRIY io document the

w2 fen 2t evesnr P E PR R EmO IO E ey e ciicrieod Fiohy seiopacoy
HUHRCPGIOEY OF IR0 IJOCHION Zoue (.8, Paiay e SRR ICPOSCORYS s

Page 16

ED_006132B_00000771-00017



EPA Evaluation of Response: The proposed core sample analyses should provide a good understanding of the
target formations” geochemistry, and the spacing range of 20-30 feet per sample should provide sufficient
resolution.

6.2.2 Ohbjectives for Pre-Operational Testing:

o Obiain g mineralogic analysis of the pyection zone and confining zone sofids that represenis the

Lot

/ Geomechanical and
Petrophysical Characterization

Petrophysical properties of the injection and confining zones were estimated using the well log data from
10 wells to the north, east, and south (primarily to the east) of the proposed injection well drilled
between 1942 and 1987 (Table 2); the data were analyzed using Techlog software. Only two of the wells
listed in Table 2 are within the 5-mile radius as shown in Figure 8--these are B.B. Company /1 (2.32
miles to the northeast) and Sterling-Coleman/1 (about 4 miles to the southeast).

The well log data were upscaled and used as the basis for populating properties throughout a geomodel,
which ultimately supports numerical modeling of the Mendota site.

On page 34, CES states that “The petrophysical workflow involved building a model using well log data
from NAPA AVE A/1 calibrated to core data for the same well (TGS, 2019).” The NAPA AVE A/1 well
is 3 miles east of the site.

7.1 Questions/Requests for CES:

Gaines are based on logs from Hwells of

B e 3 S EF O AT ORIV OF U ey v § Rt S f Tur s aviin ey Fi e i Tt ety fev B o Fon sdorvnn v o fives fer £ha e 8
different ages and spread over yeveroa! wiles, what information is available i demonsirate that
these are compurubie and representative of the Panoche Formavion within the Aok
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EPA Evaluation of Response: The response s adequate given the amount of available information.

74 T N ST P 2rd fn e Pl g 4 anisifd Fevey Resdes Fov £ T E v
What methodis) wavwere used fo califvate the well log duta o the core data?

EPA Evaluation of Response: The response explains the general approach. If we understand correctly, the
petrophysical properties were estimated from well-bore data using the Techlog® Wellbore Sottware Platform
and the Quantl. Elan® multicomponent inversion solver and were estimated independently from laboratory
analysis of the core data. The response above indicates that the model for permeability and porosity from well
lab data was then calibrated via overlay with the depth-matched core data.

We understand that calibration would be refined once site-specific well logging and core data are
available.

The narrative states on page 38 that, “The total porosity of the injection zone was determined from
gither the bulk density or compressional slowness depending on data availability (Figure 27)." We
assume that when well logging is complete for the injection well, that petrophysical estimates will
be able to be done synthesizing multiple logs (sonic, density, nentron, ete.} for a refined estimate.

Follow-up (uestions/Requests for CES:
e s our understanding regarding methods used to calibrate the well log data to core data

correct?

0

i iy cesariafed with these meihade?
SWHPIGOLNY GSSOCIRISE W S Beinady

EPA Evaluation of Response: The answer is responsive in acknowledging the sources of uncertainty. It does
not, however, provide a general estimate of how large the errors might be and how the core to well calibration
helps in addressing the uncertainty.

Follow-up Questions/Reqguests for CES:

e In cases where there 1s less agreement between the cores and low-based estimates, is the
core data considered authoritative? Ave there concerns about bias in the core data {e.g.,
due to heterogeneity in the formation or possible damage to cores during drilling)? It so,
how will this be managed?
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e (CES explains on page 34 of the narrative that, “Petrophysical resuits show a reasonable
estimate of total porosity and permeability; however, there is uncertainty on the effective
porosity because an empirical relationship was used to estimate trreducible water.” How
will the uncertainty with effective porosity be addressed?

Wil the same methodis) be used 1o calibrare the cove daia to the well

§ o F i e P U SR SO St
fop duta at the Mendows sive?

&

EPA Evaluation of Response: The responsce i3 generally acceptable. We agree with the need for zone to zone
adjustments and the larger suite of information that will be available with the anticipated logging and core
analyses.

Regarding the primacy of core data in calibration, see our above comment/question about how any

instances of poor agreement and potential bias between log and core samples will be addressed.

Please include a move detailed explanation in the updated application regarding the cores, their
quality, and the laboratory vesults in order to clanify how robust those data will be for calibration
of the log-based estimates.

EPA Evaluation of Response: The response is acceptable.

Objectives for Pre-Operational Testing:

Pl : A T e T i aviifing af the
Crather site-specific measurements during drilfing of the

&

s e d e i st eyt i cewpisd cleaer
proposed injection well and deep

monitoring well of capiliory pressuve, and information on

fraciures, sivess, ductifity, rock sirength,
cnfining zone fo support an evalualion of

< Ly

Y P - R F Ty - ; o F 3
slastic propeviies, and in situ fi

12 Infegriiy.
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EPA Evaluation of Response: The proposed core analyses are appropriate. In addition, in-situ fluid pressures
will be obtained during drilling, fall-off testing, and other formation testing that will be required pursuant to
permit conditions and 40 CFR 146.87.

Porosity

The average Panoche Formation porosity estimates range from 20% in the First Panoche Sand to
10% in the Fourth Panoche Sand (Table 3). Average estimated porosity in the primary injection zone,
the Second Panoche Sand, is 18% (page 39). The Moreno Shale is estimated to have an average
porosity of 8%.

Total porosity of the injection zone was determined from bulk density or compressional slowness (run in 5 wells
to the east and southeast of the proposed injection well). The clay volume (VCL), estimated from spontaneous
potential or gamma ray logs (run in 10 wells), and irreducible water were then used to estimate effective porosity;
the water associated with clay minerals and irreducible water must be removed from the total porosity to estimate
effective porosity. CES acknowledges that there is uncertainty in the estimated effective porosity because an
empirical relationship was used to estimate irreducible water.

Questions/Requests for CES:

T h e 7o fhie comsriedeed pedefiom ob Sord vuere siooed f oottt i Terentiied i vy for as
What is the empivica! velarionship that was used (o estimate frreducible water? How
i i

3
- e i) phe phio o de it ;
M BRI é?;”‘!ufi’f.e’}, (A!&’S s reiafions B [SEe

EPA Evaluation of Hesponse: We agree that, specific methods aside, uncertainty will be reduced with
additional data. The proposed data collection deseribed in the various responses in this document appears to
be appropriate. When the application is revised, we will anticipate reviewing a description of the empirical
relationship relating porosity and permeability to rreducible water and what assumptions or limitations it
entails,

Follow-up Questions/Reguests for CES:

e The values of 20% and 30% are specific values rather than relationships. Are these
assumed to be typical values? If so, on what information are they based? Are these
values believed to represent similar lithologies in the region?

e  When the permit application is revised, please provide a deseription of the empirical
relationship relating porosity and permeability to irreducible water and what
assumptions or limitations it entails.

NAPA AVE A 1) puge 39}
alkali feldspar biag the

fe peference poinis jor

For the VUL estimates, Tabie & (Mineralogy summary from core XEI -
& potassivm feldspar in the samples. Wi that percenis
s fromn gomma vy Alsa, what uniisidepth! were wyed

i Fes s oevan ¥ ofswfoa e £l g SEFer
clean samnd and shale for the VUL exiimaies)

oy
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EPA Evaluation of Response: The rosponse s acceptable. Although it does not specify what sand and shale end
members/reference points CES used in their preliminary estimates to date, CES should have the necessary data to
do a refined analvsis once their data collection has been done.

o Fhe applicas m; wvrative stafes, on page 34, thas VUL log values greaier § ‘:’e{ gy 3% were
comsidered to be shale and arvthing fess shan 30% ' L What is the basis for
this imterprefation?

EPA Evaluation of Response: The response does not provide a basis for the 30% vale,
However, this point may be mioot as the response suggests that the HRA will enable the selection
of a site-appropriate cutoff value. In the revised version of the application, please provide a
description of the advantages and limitations of the HRA and the resulting facies assignments.
Hew many anclyses for porosity are proposed 1o be performed with coves from deilling of
the proposed injection well and observation well?

EPA Evaluation of Response: The answers are generally acceptable; see more specific comments and questions
for this section.

7.4 Objectives for Pre-Operational Testing:

T2 : 7 i\ I =¥ xJ 3 5 SR 7 < e $e
(¥hiain e’é?*"k)i"éis{!;“i, CoFe date on ,,n CHIOS f
] “th +f culifration {o
.

o i She goomode!

g from seas :‘s; &3 j‘iu:’ 1, ;vz.,; 2
3;)@?0!;; of the porogity disirifng

o Obtain core and well z’agjzicz!cz thar will help identify vertical heterogeneiiy in povosity,

O

o Chiain well logeing doia fo support log-based povosity calcuiations and gm’*z rafion in cove analyses,

o Verily estimaies of irveducible water that were preosented in the permir upplication.
Permeability

The Panoche Formation permeability estimates range from 300 mD in the First Panoche Sand to 87 mD
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in the Fourth Panoche Sand (Table 3). Estimated average permeability in the primary injection zone,
the Second Panoche Sand, is 290 mD (page 39). The Moreno Shale is estimated to have an average
permeability of 4.7 mD (page 39).

Page 38 of the application states that: “The intrinsic permeability was estimated based on the porosity and
lithology of the formation (Herron, 1987) using the wells around Mendota INJ 1 (Figure 29). The
lithology model consisted primarily of Quartz, Clay and Feldspars based on the core from NAPA AVE
A/1. The relationship of porosity vs permeability is show in Figure 30. The average permeability of both
the injection and confining zones is shown in Table 3 and Figure 31 shows the spatial variations in
permeability thickness (KH) for the different formations.”

7.5 Questions/Requests for CES:

-

tormed with cores from drilling of
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Fuctes foga” e, on page 401 Does this refer so the VO dara devived from

EPA Evaluation of Responses: The responses are acceptable.

7.6 Objectives for Pre-Operational Testing:

o Obiain luboraiory core data on permeahilitv ai the M, ‘)izf,f(??e} site for the infection and confuiing
zones o confirm the re presentutivenes s of the available data from neavby oil f;f ds, support
calibravion so well Ing Tgmwi ta, and suppor development ¢ ,f the permeshility disivibution in the
geomadel,

o Obiain well &
core aialvses

i o support fogebased permeadility colowiaiions and calibration o

o Oiain core and well fog date thar will help identify vertica! hete

NN i er s i F i
ety inpermeabilio,

8 Mineralogy, Petrology, and Lithology of
the Injection and Confining Zones

The Panoche Formation consists of layers of deep marine shale and submarine fan deposit intervals (page
15). Although the target injection zones are the First and Second Panoche Sands at the proposed injection
site, CES bases their description on a core sample from the Fourth Panoche Sand (Depth: 11,422 —
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11,471 ft) taken at the B.B. Co Well 1 located 2.32 miles from the storage site. (page 64; Attachment B,
page20). The Panoche Sands contain a mixture of sandstone and conglomerate. The sandstone contains
mostly coarse, poorly sorted quartz and feldspar grains, cemented by calcite. There is also an abundance
of biotite with low amounts of chlorite, muscovite, and pyrite (page 64). This analysis is consistent with a
sample taken from NAPA AVE A/l located 9 miles from the site at depths between 8,200-8,751 ft,
roughly correlating with the depth of the proposed injection zone (page 34).

Table 4 shows that the lithology of the NAPA AVE A/1 sample, obtained through core X-Ray
Diffraction (XRD) consists primarily of quartz, clay, and feldspars (page 39). Uncertainties include
lateral conformity to the site, leading to potentially different minerology and reservoir properties. CES
plans to sample a core at a characterization well (page 27). CES has done initial geochemical modeling to
address the potential for mineral precipitation and dissolution, with possible changes in porosity and
permeability.

Future cores should include samples from the confining layers, with measurements of

mineral composition.

.1 Questions/Requests for CES:

o The NAPA 4VE 477 sample is
moted that the sand and shale &

indice n’m“ thai the injection sone sau

e *i*jii,f*()”f zone. U page f‘i it iy
i theve mfmf onal evidence
s sife injeciion

zone!

EPA Evaluation of Response: The response is adequate given the amount of available information.

8.2 Objectives for Pre-Operational Testing:

rf’”fi‘s e propo ased Dnfection well and deep monitoring well io

fnfectinn and confining rones i the Mendo site,
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9 Seismic History and Seismic Risk

The Mendota site is located near the center of the San Joaquin Basin, which is less tectonically active
than the margins of the basin. Historical earthquake data were obtained from the USGS Earthquake
Hazards database. All earthquakes in the region since 1900 with a magnitude greater than 2.5 were taken
into account. Major fault systems in the region include the San Andreas Fault approximately 40 miles to
the southwest and the San Joaquin and Ortigalita fault systems approximately 15 to 20 miles to the south
and west. The nearest cluster of quakes, all less than 5.0 magnitude, occur along the San Joaquin and
Ortigalita fanlts and are shown on the map in Figure 42. The largest nearby quake was the Coalinga
Quake with a magnitude of 6.7 in 1983, located approximately 36 miles south of the Mendota site (page
53). The nearest to the Mendota site were three small quakes (<3.0 magnitude) between ~2.5 to ~5 miles
away; the most recent of these occurred in 1998 (Figure 43). The application states that the relative risk
of the proposed site is low compared with the active zones associated with major faulting (page 53). In
order to more fully assess seismic risk at the Mendota site, more information will be needed about local
stresses and fracture networks (page 54).

9.1 Questions/Requests for CES:

o Fhe qpplicarion, on page 53 siate elative risk of the proposed site il compared

with the aciive zoney associated wii Faudting 7 Pleave colarifv how fhe xeismic visk pro

e fheus wiver ariBE Frax cvaeressdidtos P SN Uy T N R S S
For she sive will be quaniified, pariicida the context of a selsmically active region,

EPA Evaluation of Response: This response appears to be adequate; however, the results of the evaluation CES
describes will need to be reviewed prior to authorization to inject. It is assumed that this risk evaluation will be
incorporated into the risk register that CES described as part of their responses to gquestions about the proposed
Emergency and Remedial Response Plan. EPA recommends that the evaluation address how the project:

# has a geologic system frec of known faults and fractures and capable of receiving and containing
the volumes of CO; proposed to be injected;

»  will be operated and monitored in a marnmner that will Hmit risk of endangerment to USDWs,
including risks associated with induced seismic events;

s will be operated and monitored in a way that in the unlikely event of an induced event, risks will
be quickly addressed and mitigated; and

s poses a low risk of inducing a felt seismic event.

9.2 Objectives for Pre-Operational Testing:

&

- PP, S RSO e D O S 2 Sy JEGR S P P f reriians ccres £EVRATY Friover
o dmcorporaie geomechanical information (fipole sonic logs), formation microimager (FMD logs,

i i i oy P sod fraies e rmoiucde of voiommie piok f iptapsm vorid B SRR
und micro-seismic moniforing inio the unalysis of seismic visk to inform yefting of ope

conditions amd emergency vesponse planning.
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10 Facies Changes in the Injection or Confining
Zones

The facies descriptions and depositional history as described in the permit application are consistent with
the presence of interbedded shales and submarine fan deposits, including a lenticular shape for the
sandstone units.

The description of the lithology from the B.B. Co 1 well is at a depth corresponding to the Fourth
Panoche Sand. Figure 5 in the application narrative, however, shows the Second Panoche Sand as the
primary injection formation, with the Fourth Panoche Sand as an optional formation. Given the latter,
and the vertical heterogeneity inherent in a shallow marine environment with turbidites and shallow
marine shale facies, the lithologic characteristics of these two sands and the surrounding shales at the
Mendota site will need to be confirmed during the pre-operational testing program. This would help
identify any facies changes that could provide potential preferential flow paths (i.e., high permeability
zones) or otherwise affect containment and fluid movement.

CES has indicated that 3D seismic profiling and a characterization well will help in assessing the extents,
thicknesses, and lithologies of the injection and confining zones.

10.1 Objectives for Pre-Operational Testing:

Chargcterize the geciogic unity, inchuding the geometry, thicknewzes, and extenty of the sand

and shale units and confirm that these are congisient with current undevsian <!:i:gr af the

Fomareifinmed Biviegy g froies of i - e v 2EY sofomie
aepmz;mna! fisiory QARG JAECIES CRUREEY €Xped ved ot the Mendota site based on the 30 seismic

JRIVEV.

o fese

AR

o Collect seismic, core, and well logging sfas;"as that will support chavacierization of
a refined geomode!

subsuriuce heterogeneity and refinement of

EPA Evaluation of Responses: The responses are accepiable.

11 Structure of the Injection and Confining Zones

The Panoche Formation and the Moreno Shale formations were deposited at the same time as the Great
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Valley deposits in the east and pinch out against basement rock to the east as shown in Figure 3 and
Figure 4 (Bartow, 1990) (Scheirer, 2003). It is difficult to confirm the pinch out as a sealing factor
from Figure 4 (page 16). CES states that models of depth, thickness, and areal extent of the injection
and confining zones were created using well and 2D seismic data that were incorporated into a
geomodel in Petrel (page 33). Future cross sections should show an aerial view with transects labeled.

The current information on the general geometry of Fault 13 is shown in Figure 22. There are,
however, uncertainties regarding its characteristics (e.g., displacement, sealing capabilities). CES plans
to clarify the fault’s location and characteristics.

CO; plume simulations show the plume migrating up-dip to the northeast, away from Fault 13 (page 27).
The regional dip of this and other formations is noted as being about 4 degrees to the southwest (page
18; Figures 16 and 17). On page 71, however, the text states that ““... The regional dip of this [the
Panoche] and other formations is to the northeast; this implies that the injected CO; will migrate
approximately 2 miles to the northeast (Section 3).” The text on page 71 may be in error as it is
inconsistent with other sections of the text and with the figures and cross sections.

11.1 Questions/Requests for CES:
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EPA Evaluation of Responses: The responses in this section are acceptable. We understand that SCAL will be

done to better constrain relative permeability and capillary pressure.

11.2 Objectives for Pre-Operational Testing:

i gt s ey e O e ¢ Fah ey e fore s - 5 g N e L
o Versdy ol locarions and sealing propertivs based on the resuliz of the 313 seismic survev.

~ sy $he Frefoverd Fhio oo et Brerieis N Y YR N S oy e
o Confirm the fateral thickness and homogeneity of injection targei,

EPA Evaluation of Responses: The responses are acceptable.

12. CO2 Stream Compatibility with Subsurface

Fluids and Minerals

Section 2.8.4 (page 65) and 2.8.5 (page 66) describe the geochemical model setup and reaction path
simulations that were performed to assess interactions between the injectate and the formation solids
and fluids. Modeling was done using the geochemical modeling program Geochemist’s workbench.

CES notes that the simulations show a net reduction of rock mass and volume. This would result

in increased porosity and (potentially) permeability.

CES should update the initial geochemical modeling effort when new data on fluid chemistry and
mineralogy are available from the formation testing. Potential effects of water-rock interactions on
porosity and permeability may require more refined modeling and will not be fully known until

the operational phase of the project.

12.1 Questions/Requests for CES:

in the upplication or any other laboruiory experimenis

o WH surioes areq {BET} meayuremeniy be done (o refine the mode:

EPA Evaluation of Responses: The responses are acceptable.
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{¥jectives for Pre-Operationa! Testing:

Generante fluid chemisiry and mineralogic data, pressure, femperaiure, und pif condivions af
sution and monitoring welly to

depih via core yampling and formation fexéing in the characie
provide inputs fo the geachemicul modeling

13. Confining Zone Integrity

The integrity of the upper confining zone (Moreno Shale) is based on the thickness and continuity of
the unit from seismic and other information, the presence and properties of faults and fractures, and
information on petrophysical and lithologic characteristics from available core and well log data.
According to the isochore maps in Figure 13, the Moreno Shale ranges from 800-1,650 feet thick in
the proposed AoR (page 40). This will be confirmed during testing.

The current porosity and permeability estimates for the Moreno Shale are 8% porosity and 4.7 mD for
permeability (Table 3). The porosity appears low and the permeability appears somewhat high for a
shale. These need to be confirmed with site-specific data collected during pre-operational testing. Other
parameters relevant to confining zone integrity include the capillary entry pressure, which was estimated
using the Van Genuchten model because of the absence of laboratory measurement (page 50). CES notes
that other tests to assess confinement zone integrity include formation microimage log measurements and
drill stem testing (DST) or Modular Dynamics Tester (MDT) stress testing (page 50).

13.1 Objectives for Pre-Operational Testing:

p
O [ORy

of the Moreno Shale based on core sampling and laboratory mearuremenis o confivm that the

“onfivm mineralogy, poresity, permenbifivy, copifiary entry pressure, aind geomechanical properties

Moreno Shale will retain it8 integrity at planned operating conditions {L.e., injoction prossures ).
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o Determine the fractuve pressure of the Moreno Shale

o
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EPA Evaluation of Responses: The responses above are acceptable,
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ENCLOSURE 2

Evaluation of Applicant Responses to EPA's Technical Review Comments
on the Proposed Emergency and Remedial Response Plan and Financial
Responsibility Cost Estimates in the CES-Mendota Class VI Permit
Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions
about the CES-Mendota Class VI UIC Permit. EPA’s Technical Review Comments and
recommendations (dated October 1, 2020) are in black or biue fext. The applicant’s
responses (dated November 2, 2020) are provided in gv¢ xt. EPA evaluations are in red
text. EPA expects that most of these questions can be answered based on available
information and requests that they be addressed in the updated permit application that CES
plans to submit later in 2021. However, where applicable, EPA notes below that some
cannot be fully addressed until the well is constructed and pre-operational testing is
performed. No confidential business information is included in this document.

Emergency Identification and Response Actions

For a holistic documentation of the response, EPA recommends that, for each scenario, the following be
identified: severity of the impact: (i.e., high, medium, low); likelihood of the event; timing of the event (i.e.,
project phase); avoidance measures in place to reduce the likelihood of the event (e.g., maintenance or
monitoring); detection methods that reflect planned testing and monitoring; response personnel; and
equipment.

EPA Evaluation of Response: The risk register appears to be comprehensive, well documented,
and specific to events and project conditions, which will support the permut record. A few
comments are provided:

s Project phase: EPA suggests that these align to Class VI project phase termunology (1.2, pre-
injection, injection, post-injection} for consistency with other attachments.

s Severity: Not all natural disasters would necessanly be catastrophic or have catastrophic
effects on the project {although all must be investigated/addressed as deseribed).

s Avoidance measures: EPA suggests that these focus more on planned USDW protection
activities, e.g., injection within permitted pressure/rate Hmits; well mamtenance, testing, and
facility safety measures; alarm and shutdown systems. {This would be N/A for natural
disasters.)

s Houwpment: For the fluid leakage, natural disaster, and seismic event scenarios, response
equipment may also mclude well repair equipment {e.g., workover rigs) to address potential
damage to the mjection or monitoring wells.
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To make the Emergency and Remedial Response Plan document (which would be attached to the
UIC permit) more comprehensive and consistent with the risk register, EPA recommends that
certain information from the risk register be incorporated into the plan document. For each
emergency event in the plan, please include individual sections that describe:

e Severity;

¢ Timing of event;

e Avoudance measures;

= Detection methods (from the “Risk Triggers” column tn the risk register);
# Potential response actions {as presented in CES’s currvent drafi);

s Response personnel; and

# Hquipment.

Note that EPA has recently updated the H&RR Plan template to add these sections. It is available in
the Project Plan Submissions module of the GSDT; please use this new template.

EPA also recommends some additions/revisions to the descriptions of response actions for the specific
scenarios identified in the plan. These are summarized in the table below:

EPA Evaluation of Response: See the far right column in the table below.

Regarding the request to explain how the selected seismic thresholds are considered to be protective
of USDWs, EPA requests (brief) threshold-specific justifications to support its documentation that
the project addresses seismic threats that could endanger USDWs. For example, why events in the
green category are not anticipated to affect well integrity or affect containment {and require minimal
response), while orange or magenta-level events necessitate a more complex response.

EPA also reviewed other revisions 1o the E&RE Plan text and offers these minor comments:

= On page B, we suggest that Section 4.1 references risk register scenario 1 to be consistent
with other references from the E&RR Plan to the risk register.

e  On page &, should “cease operations” be part of the response actions?

#  On page 11, second bullet, the text “electrical malfunctions without endangering a USDW,
repatr faulty components” appears twice.

= On page 14, second bullet under munor emergency, we suggest the response to a loss of M1
refer to the “immediate shutdown plan™ to differentiate from the third bullet.
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Event/Scenario EPA Comment/Recommendation ERA Review
All Add: “Limit access to wellhead to authorized included for sections 4.2-
personnel only.” 4.5; please add this to

section 4.1 and the
magenta and red levels of
the seismicity table

in section 4.2, this should
be under the response
action, net the description
of the scenario

Well Integrity Failure

Response actions could also include: “If a shut i

off is triggered by mechanical or electrical
malfunctions without endangering a USDW,
repair faulty components.”

Addressed

Injection Well
Monitoring Equipment
Failure

Expand this scenario to include other
equipment failures and damage to the
wellhead.

Addressed

Injection Well
Monitoring Equipment
Failure

Response actions could also include:

¢ Evaluate the cause of the failure, and
mitigate if necessary (i.e., repair
equipnent).

+ If there is damage to the wellhead,
repair the damage and conduct a
survey to ensure wellhead leakage has
ceased.

*  Confirm well integrity prior to
restarting injection (upon approval
of the UIC Program Director).

Addressed

Addressed

Suggest that “Confirm
well integrity...” be part of]

minor emergencies

Injection Well
Monitoring Equipment
Failure

Response actions for a Major or Serious
emergency could also include:

¢ Review downhole, wellhead, and annulus
pressure data.

+ Isolate the nearby area, if needed; establish
a safe distance and perimeter using a hand-
held air-quality monitor.

*  Perform a well log/MIT to detect CO2
movement outside of the casing.

Addressed

Potential Brine or
CO2 Leakage to
USDW

This scenario should encompass: any evidence
of CO2 or fluid movement out of the injection
zone (i.¢., not necessarily to a USDW) to
address unanticipated events associated with
faults or other pathways; any potential USDW
endangerment/unacceptable changes in water
quality; and CO2 leakage to the land surface.

Addressed

Potential Brine or
CO2 Leakage to
USDW

CES should identify what types of activities
they plan to perform to determine the severity
of the event, e.g., sampling, pressure falloff

test, Hall Plot analysis.

Addressed
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Event/Scenario

EPA Comment/Recommendation

EPA Review

Potential Brine or
CO2 Leakage to
USDW

Other appropriate steps may include:

*  Address a well integrity issue, including
taking specific steps to identity the
location of the failure/leak, affect repairs,
and demonstrate MI.

+ Isolate the nearby area, if needed; establish
a safe distance and perimeter using a hand-
held air-quality monitor.

Addressed {there are a
few typos in the odded
text, however}

induced or natural seismic events.

Natural Disaster Add to the responses to a minor emergency: Addressed
“If there has not been a loss of mechanical
integrity, initiate gradual shutdown.”

Induced Seismic Event |This section and the title should refer to eidressed

Induced Seismic Event

Please explain how the selected seismic
thresholds (i.e., magnitude, distance from the
project) are considered to be protective of
USDWs.

Additional information is

requested {see above)

Tnduced Seismic Event

In the green operating state: add “Document
the event for reporting to EPA in semiannual
reports.”

Addressed

Induced Seismic Event

At the yellow, orange, and magenta operating
states, add: “Initiate gradual shutdown of the
well if it is determined to be appropriate.”

Addressed

Induced Seismic Event

Recommended edits to item 6 of the magenta

and red operating states:

*  Determine if leaks to ground water or
surface water or a CO2 leak to the surface
occurred.

* IfaCO2 leak or USDW
contamination/endangerment is detected:

a. Notify the UIC Program Director within 24
hours of the determination and implement

appropriate remedial actions in
congultation with the Director.

Addressed

Tnduced Seismic Event

Please describe the “rate reduction plan” in the
response to the magenta operating state. Does
this refer to gradual shutdown?

Addressed

Induced Seismic Event

In the red operating state, item 1: “Initiate
immediate shutdown plan.”

Addressed

Response Personne! and Equipment

# Is the phone number for the control room technician on duty a 24-hour number? If
not, please provide one.
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EPA Evaluation of Response: Response 1s acceptable. EPA recommends that CES note that this
is a 24-hour number n future revisions to the plan.

e Please include contact information (name, 24-hour number, and email address)
for the plant manager.

EPA Evaluation of Response: The contact was added to the plan; response s acceptable.
Stafl Training and Exercise Procedures

» Please provide a copy of CES’s site specific standard operating procedures and training program

EPA Evaluation of Response: Response is acceptable,

e Will the ERRP be incorporated into a site safety plan as well? If so, please include.

EPA Evaluation of Response: Response is acceptable,

! State of California Department of Industrial Relations, Cal/OSHA, California Voluntary Protection Prograni,
https:Pwww divca.govidosh/oal vep/eal vpp mdo himl, accessed October 30, 2020
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Financial Responsibility

PART 1: Cost Estimate Evaluation

Cuestions Reguesiz for CEX:

o dia
i
Site closure, @
CORVECHive m’m

ofivifi

Hmates were peneraied wing
S L”/’i??‘ii w1 that afl of the qorivis gife care and

s e aiddrosse ’5::’:‘;5 !,5 ¢ st (,m’:‘f??:éf( ? ,;f iy e,?,ﬁ\??éi;“?é.’d ihat
monitoring well plugging acrivities will be similar 10 the
Tons aie i ﬁm’f

5?‘353{4!5’0;? Fuol: i

-m;,“ f"«\;’x

$4~ =

EPA Evaluation of Response: Response 1s preliminarily acceptable. When CES provides
specific cost estimates, EPA requests that the estimates be documented and as detailed as
possible to afford a comparison to the Cost Tool-generated estimates for each activity for
which financial responsibility is required.

o e cost estimures should represent coxis for an independent thivd party jo perfors each activity
fhe, nota “discownted” rate provided o CES o s consudianis). Please confirm thai the coss
.?

estimaios provided are for un independent thivd partv io conduct the gotivitiey deyoribed in the
corveeiive gotion, ;ﬂsﬂfs{m; w, pogi- injection site care and 3if enoy :sw’

remedicd vesponse plans of the permit application. Alte !ff the esfimatey provided do nes
ent cosiy for an mdependens thivd pariv fo g,(:;m’m sse gofivities, please revise gad ve-

e odd N
aeoordingiy.

EPA Evaluation of Response: This approach 1s acceptable; EPA will review the cost

estimates when they are provided.

Feot curvent

,1

o Please provide the dute of the onsd estimaie and revise the cost estimates 1o re
VEar {;}{% 20261 dollars,
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EPA Evaluation of Response: Response is acceptable.

Fusure Conviderations Based on the Reswlts of Pre-Opevavional TestingModeling Updates:

o Conflrm assumptions about the u"iﬁ!i‘ and diameters of the njection well and moniforing
.

LMY %‘”é’t’”h GITORS.

vells baved on finad plans:

EPA Evaluation of Response: Response is acceptable; revisions fo the cost estimates based
on the final construction of the injection and monitoring wells may be needed prior to EPA’s
authorization of injection.

o Changes fo vaviows { mi Tool inpus (e

T

e size of the Aol based on jinal modeling, the
ke be fnjected, corvective aciion needs gt the time the permil is issued,

H
2
H

sl volume of

and the approved posi-injection site care dmefiamel will affect the estimuies generaied by the
Cayt Tool

EPA Evaluation of Response: Response is acceptable; revisions to the cost estimates may be
needed based on the final approved AoR delineation, post-injection site care timeframe, and
operating plans. Updated estimates and funding of the financial instruments in part will be
nieeded before HPA authorizes construction of the injection well. Final estimates and funded
financial instruments will be needed before EPA authorizes injection.

BN 5 - i -~ e < o §a e -
N provided ranger of coxd estimates, ihe selected meni{s) (see
oo

%gemyj wifl need 1o have g specific face value thar is proposed 1o, and approved by,

?.v»

EPA Evaluation of Response: Response is acceptable. The final instrument value for each
covered activity will be determined at a later date, as additional information 1s collected
during pre-operational testing.

PART 2: Financial Instrument Demonstration

CES plans to use a single financial instrument to cover the costs of corrective action, injection well
plugging, PISC and site closure, and emergency and remedial response. Financial instruments that
CES identifies as under consideration include a trust agreement, escrow agreement, or certificate of
insurance.

CES must provide acceptable FR instrument(s) listed under 40 CFR 146.85(a)(1) prior to the issuance
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of'a permit for the construction of a new Class VI well. If CES elects to use a trust fund or escrow
account, the EPA Director may allow phased pay-in for these two instruments. However, CES must
submit a pay- in schedule for the Director’s review and approval.

EPA Evaluation of Response: Response is acceptable. EPA understands that CES is
working to sccure financial instruments and will review the draft instrument(s} and any
proposed pay-in schedules when they are provided.
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ENCLOSURE 3

Evaluation of Responses to EPA’'s Technical Review Comments on the Proposed
Operating Conditions and AoR Delineation Modeling in the CES-Mendota Class
VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the
CES-Mendota Class VI UIC Permit. EPA’s Technical Review Comments and recommendations
(dated October 7, 2020) are in biue text. CES’s responses (dated November 9, 2020) are provided in
green text, EPA evaluations and follow up questions are provided in red text. EPA expects that
most of these questions can be answered based on available information and requests that they be
addressed in the updated permit application that CES plans to submit later in 2021. However, where
applicable, EPA notes below that some cannot be fully addressed until the well is constructed and
pre-operational testing is performed. No confidential business information is included in this
document.

Evaluation of Operating Procedures of the CES-Mendota Permit Application

This evaluation for the proposed Clean Energy Systems (CES)-Mendota Class VI geologic
sequestration project summarizes the evaluation of proposed operating procedures and data
submitted by CES in Attachment A to their Class VI permit application, per 146.82(a)(7),(9),(10)
and 146.88. Note that this evaluation of the proposed operating conditions, particularly injection
rates and pressures, was performed in conjunction with EPA’s evaluation of CES’s AoR
delineation modeling (see Enclosure 2).

The proposed injection well operating conditions are summarized in Attachment A (the
Table), as excerpted below.

Maximum Injection Pressure - Surface 2026 psig
Maximum Injection Pressure - Bottomhole 5677 psig
Annulus Pressure 2126 psig
Annulus Pressure/Tubing Differential 100 psig
Maximum CO- Injection Rate 958.9 tons/day

The proposed operational procedures are also summarized in Table 20 of the Narrative,
which is replicated below:

Parameters/Conditions Limit or Permitied Value

Maximum Injection Pressure
Surface 2026 Psi
Downbhole 5677 Psi
Average Injection Pressure
Surface 1042 Psi
Downbhole 4212 Psi
Maximum Injection Rate 958.9 tons/day

Page 1
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Average Injection Rate 958.9 tons/day
Maximum Injection Volume and/or Mass 350000 tons/year
Average Injection Volume and/or Mass 350000 tons/year
Annulus Pressure 1142 Psi
Annulus Pressure/Tubing Differential 100 Psi

1.1 Ingjection Pressure

The basis for the proposed maximum injection pressure is described in Attachment A and excerpted
below.

“The maximum injection pressure predicted at this pre-construction phase, which serves to
prevent confining-formation fracturing, was determined: using the fracture gradient obtained
from initial reservoir and geomechanical models multiplied by 0.9, per 40 CFR 146.88(a). An
update to maximum injection pressure and rate will be provided once a characterization well is
drilled and reservoir and geomechanical models are updated with site specific properties.”

In the Narrative, Section 7.0, second paragraph, page 85, CES notes that:

“For the pre-construction phase the fracture pressure at the center of perforations is estimated
to be 6,308 psi at 9,705ft bgs using a gradient of 0.65 psi/ft. A safe formation injection
pressure of 90% of the fracture gradient would be 3,677 psi. The surface injection pressure
equivalent for the safe formation injection pressure assuming a 0.376 psi/ft gas gradient (more
accurate information will be gained during operation with comparison of downhole and
surface sensors) would be 2,026 psi. injection pressure to reach the 90% fracture gradient of
5,67 7psi at the perforations downhole. This may change as more information is gained during
the evaluation phase of the well’s geophysical properties during the drilling of the
characterization well.”

Furthermore, in the Narrative, Section 7.1, first paragraph, page 86, CES notes that:

“The maximum safe bottom-hole pressure was specified as 90 percent of the rock’s fracture
pressure (0.9 x 0.65psi/ft = 0.585psi/ft) at the depth where the CO2 is injected. For
conservatism, the required injection pressure was calculated based on the assumption that the
required bottom-hole pressure is equal to the maximum safe bottom- hole pressure. Maximum
bottom-hole injection pressure (injection depth x 0.585 psi/ft).”

In Section 7 of the Narrative, it is not clear how CES derived or referenced the gas gradient of
0.376 psi/ft (on page 85), nor how CES has calculated the equivalent surface pressure of the maximum
injection pressure of 2,026 psi.

The gradient of 0.65 psi/ft is referenced from various research papers (as noted in Attachment B, on
page 17). See the AoR modeling evaluation for a discussion. The 90 percent safety factor used in
Section 7 of the Narrative is consistent with the Class VI Rule at 40 CFR 146.88(a).

Questions/Requests for CES:

s Please reference the source of the gas gradient of 8.376psv/f1 and/or explain its derivation

Page 2
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EPA Evaluation of Response: The response needs additional clarification. The type and name of the
steady state multiphase simulation software has not been provided.

Follow-up Question/Request for CES:
e Please describe in the updated permit application (submitted prior to construction

authorization) and provide the type and name of the steady state multiphase simulation
software used to determine the gas gradient of 0.376 psi/it.

#  Please explain the basis for the caleulation of the cqwivalent surface
pressure of the maximum injection pressure af 2, 026psi

FEPA Evaluation of Response: The response 15 acceptable. Please see the comment above regarding
the gas gradient derivation.

e Please deseribe standard operating procedures to ensure the maximum jection
pressure will not be exceeded,

EPA Evaluation of Response: The response is acceptable.

1.2 Annulus Pressure and Annulus/Tubing Pressure Differential

As indicated in the Table in Attachment A, the annulus pressure has been calculated as
the required 100 psig differential between the tubing and the annulus, plus the max
injection pressure of 2026 psig resulting in a pressure of 2126 psig. In contrast, in Table
20 on page 88, of the Narrative, the annulus pressure is listed as 1142 psi.

Page 3
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As noted in the evaluation of the testing and monitoring plan, it appears that the annulus
pressure of 2126 psig is higher than the range of pressures, of 1100 psi to 1200 psi, to
be maintained in the annulus pressure monitoring system described at the bottom of
page 14 of Attachment C. However, the annulus pressure of 1142 psi listed in Table 20
of the Narrative does fall within the range of pressures maintained in the proposed
monitoring system.

Based on a review of the collapse pressure of the injection tubing (at 10,540 psi from
Table 3 of Attachment G), and the burst strength of the casing (within the range of 2440
and 12830 pst from Table 2 of Attachment G), the annulus pressure of 2026 psi is
consistent with the Class VI requirements. Please see Tables 2 and 3 below.

Tubing specifications (Table 3 of Attachment G)

L80CrI3

Casing specifications (Table 2 of Attachment G)

Conductor 86 22 21 19741 B Welded 26.13 2440 1950
Surface 1800 16 15.01 84 N8O Long 26.13 4330 1480
Intermediate 7432 10.75 9.760 555 N80 Long 26.13 6450 4020
Long-stnng 7332 7 5.920 38 T-95 Type 1 Long 26.13 12830 13430
Long-stnng 10412 7 5.920 38 TN 95Cr13 Long 14.92 12830 13430

Ouestions/Reguests for Ul

#  Please explain the differences in the annulus pressures listed in the Table in
Attachment A and in Table 20 from the Marrative. Please explain how each value
was defermined.
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EPA Evaluation of Response: The updated table in Appendix A includes the revised annulus
pressure of 5,777 pst as noted; this pressure s below the reported burst strength of the tubing and the

collapse strength of the casing. The response 1s acceptable.

s  Please describe standard operating procedures 1o ensure the maximum annulus

pressure will not be exceeded.

EPA Evaluation of Response: The response is acceptable.
1.3 Maximum CO2 Injection Rate

CES proposes a maximum daily CO2 injection rate of 958.9 tons per day, which
equates to 350,000 tons/year (or 4.2 million tons over 12 years or 7 million over 20
years). See the modeling evaluation report (Enclosure 2) for additional discussion.

Cuestions/Heguests for CES:
¢ Please deseribe standard operating procedures to ensure the maximum daily
mjection vate will not be exceeded.

EPA Evaluation of Response: The response is acceptable.

1.4 Automated Shutdown System

According to Section 7, page 85, of the Narrative, CES plans to connect the
information system collecting data from the pressure, temperature and mass flow
gauges/sensors with automatic controls “to assist with shut down or flow controls if
certain critical parameters are reached such as Maximum Flow Rate, or Pressures and
Temperatures at surface and downhole...” CES notes the automatic control system is
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not yet defined, as more details are needed to properly implement.” This system will be
evaluated when CES provides additional information.

OQuestions/Reguests for (ke

s Please include standard operating procedures supporting the automated
shutdown systerm when details about the system are provided,

EPA Evaluation of Respense: The response is acceptable.
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Evaluation of the AoR Delineation Modeling Approach for CES-Mendota Class VI
Permit Application

This area of review (AoR) delineation modeling evaluation report for the proposed Clean Energy
Systems (CES)-Mendota Class VI geologic sequestration project summarizes EPA’s evaluation of the
modeling performed by CES as described in the Area of Review and Corrective Action Plan
(Attachment B of the permit application). This review also addresses modeling-relevant site
characterization information in the permit application narrative and associated files submitted to the
GSDT per 40 CFR 146.84. Because they are related, this report also addresses certain elements of the
proposed Post-Injection Site Care Plan (Attachment E of the permit application) that are based on the
AoR modeling results. Claritying questions for CES are provided in blue within the text below.

This report describes and evaluates how site-specific data (e.g., geologic data and planned operational
conditions) described in the UIC permit application are incorporated into CES’s geomodel and their
computational modeling approach. Note that EPA did not perform independent, duplicative modeling
of CES’s AoR. Based on the breadth of currently available site-specific data and the description of the
modeling effort as provided in the permit application materials, this is not warranted at this time. It is
assumed that planned pre-operational testing will confirm the site characterization.

2.1 Additional Information

EPA Inconsistency (in Black Text) CES Clarification

2.3 “and data for well tops obtained from ‘
California Geologic Energy

Management Division (CalGEM,

previously known as DOGGR), Seismic
Exchange, Inc (SEI), or Information

Handling Services (IHS)”

2.3.1 “These include the roughly 1,000 ft. thick
Moreno Shale (the primary confining zone),
the First Panoche Sand, the

~100 ft. thick first Panoche Shale (initial
confining zone), the >1,000 ft. thick Second
Panoche Sand (primary injection zone), and the
underlying formations, including the 1,400-
2,500 ft. thick Fourth Panoche Sand (the
secondary injection zone).”

2.3.1 “The upscaled porosity and permeability
graphics in Attachment B (Figures 3 and 4)
would benefit from labeling for formation
tops.”
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2322 “based on well logs from the NAPA AVE A 1 well, about
3 mi to the east of the injection well (narrative page 51)”

EPA Inconsistency (in Black Text) CES Clarification

2.4.7.2 “Within a 2.5-mile radius”...

2.9.1 “CES proposed a 10-year alternative post injection site
care time frame but did not provide a justification for the
appropriateness of the 10-year time frame that addresses
the criteria at 40 CFR 146.93(c).”

EPA Evaluation of Response: EPA acknowledges the clarifications.

2.2 Evaluation of CES’s Modeling

CES used Petrel for developing the geomodel and the ECLIPSE reservoir simulator for
numerical simulations of plume and pressure front development. Petrel is a software
platform that supports development of a site geomodel, allowing synthesis and 3-D
visualization of data on reservoir characteristics (e.g., seismic data, structural features,
well data, upscaled well properties).

Use of ECLIPSE for numerical simulations is consistent with the requirements of the
Class VI Rule at 40 CFR 146.84. It accounts for the multi-phase nature of the injection
activity and for the physical and chemical properties of all phases of the injected carbon
dioxide (CO2) stream and displaced fluids. It allows for modeling of geochemical
reactions associated with geologic sequestration of CO2. Use of these modeling
programs is appropriate for simulations of plume and pressure front at a GS site.

2.3 Bvaluation of the Geomeodel

CES developed a geocellular model (geomodel) to support the numerical modeling using
Petrel. The geomodel incorporates available data sources, including well logs from ten
existing wells within several miles of the proposed injection well, 2D seismic data, and
data for well tops obtained from California Geologic Energy Management Division
(CalGEM, previously known as DOGGR), Seismic Exchange, Inc (SEI), or Information
Handling Services (IHS). These data are synthesized to represent the subsurface system
and initial conditions in a 3D grid. The geomodel for the Mendota site was used to
represent the extent and thickness of the injection and confining zones with upscaled log
data for petrophysical properties. Section 2.4.3 (page 39 of the narrative) states that the
lateral grid resolution (cell size) for the geomodel is 400 ft. by 400 ft. CES intends to use
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a finer resolution for the grid when 3D seismic data (to be acquired later in the project)
can be incorporated into the geomodel. Layer increments are 4 ft.

The discussion below of the site-specific parameters that CES used to build the geomodel
expand on the geologic site characterization presented in the permit application narrative.

2.3.1 Representation of Site Geologic Features

The geological layering, formation thicknesses, and petrophysical properties of the project site (as
described in the permit application narrative and evaluated in the geologic site characterization report)
need to be integrated into a geomodel and then a numerical model domain that is consistent with
available information to generate predictions of plume and pressure front movement.

The geomodel model is used to represent the depth, areal extent, and thicknesses of the injection and
confining zones at the CES-Mendota site based on the site-specific data described above. These include
the roughly 1,000 ft. thick Moreno Shale (the primary confining zone), the First Panoche Sand, the
~100 ft. thick first Panoche Shale (initial confining zone), the >1,000 ft. thick Second Panoche Sand
(primary injection zone), and the underlying formations, including the 1,400-2,500 ft. thick Fourth
Panoche Sand (the secondary injection zone). The formation thicknesses and regional dip shown in the
domain for the numerical model (Model-Domain file) submitted to the GSDT are derived from the
geomodel and reflect the current understanding of the Mendota site.

The porosity and permeability data from the 10 wells in the surrounding area (average values
summarized in Table 3 of the narrative) were used to develop the porosity and permeability
distributions in the geomodel (Figures 28, 31, and 34-39 of the narrative) from the Garzas formation
down through the Precambrian basement. Visual inspection shows the values in the color legend in
these figures to be generally consistent with the values in Table 3.

Figures 3 and 4 of Attachment B show cross sections of upscaled porosity and permeability distributions
developed for the ECLIPSE modeling. The porosity distribution agrees well visually with the geomodel
and well data.

In general, the available geologic site characterization data with respect to layering, thicknesses, and
depths appear to have been rendered as faithfully as possible in the geomodel and subsequently for use
in the numerical modeling (as shown in the Model-Domain file). The upscaled porosity and
permeability graphics in Attachment B (Figures 3 and 4) would benefit from labeling for formation
tops. It is assumed that the workflow used to generate the geomodel and numerical model domain will
produce as reasonable representations of the subsurface as possible as new data become available.

232  Representation of Hydrogeologic Properties and Lithology
2321 Porosity, permehility, and rock types

Effective porosity was determined using either bulk density or compressional slowness (from
acoustical logs), combined with an estimate of irreducible water (narrative Section 2.4.2.1; discussed
in the review of site characterization data). Intrinsic permeability was based on the porosity and
lithology (narrative Section 2.4.2.2); CESs reference Herron (1987). The petrophysical properties
(effective porosity, permeability, clay volume, and pore volume) were then upscaled from log data into
4 ft. layers along the wellbore.

# Do the permeability data represent horizontal permeability?
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EPA Evaluation of Response: We have seen the assumption of a vertical anisotropy of 0.1 used
int other projects; it appears to be a rough {and undocumented) rule of thumb when more specific
data are not available. There are, however, no data currently presented regarding whether this
assumption is valid at the CES Mendota site, nor was any literature provided in support {e.g., how
commonly this value is realistic 1n similar hithologies and settings).

At this time, we understand that any results generated using this assumption are prefiminary,
and the main focus is on developing the modeling approach. A data-supported estimate of
anisotropy will be needed once pre-operational testing has been done. Also, sensitivity analyses
will be important to test the effects of uncertainty in the vertical permeability, especially given
the buoyant nature of the CO;z igjectate and the mmplications for vertical migration. We have no
further questions at this time but will evaluate site-specific data for horizontal and vertical
permeability estimate once the application is revised based on the results of pre-operational
testing.

s What method was used 0 upscale the petrophysical properties along the wellbores of the 10 wells
for which logging data were used? How was upscaling handled for the different formations? How
was the success of this method evaluated?

EPA Evaluation of Response: The answer is generally responsive. We assume that the upscaling
was done using the automatic process avatlable within Petrel, which offers artthmetic and geometric
averaging. The chosen upscaling method should be noted i the revised AoR and Corrective Action
Plan once the pre-operational testing data are collected. Figures 1 and 2 in Appendix A are helpful in
demonstrating the results of the upscaling. We encourage inclusion of similar figures in the revised
plan.

Once upscaled, the petrophysical properties were distributed into the geomodel through Gaussian
Random Function Simulation, a kriging-based algorithm (narrative Section 2.4.3). CES notes that
facies logs were not used as bias in the current porosity or permeability models, but that facies biasing
and Kriging to 3D seismic data will be considered in future model iterations. Figure 28 in the narrative
(page 42) shows the modeled average porosity maps for each formation.

= Figure 26 in the narrative shows the net thickness maps of the Moreno Shale and First and Second
Panoche Sands. The proposed injector 18 close to the western edge of the maps. Will the formation
thicknesses further to the west of the myector be able 1o be represented when the 310 setsrmice data
have been acquired?
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EPA Evaluation of Response: The response is acceptable.

= All but one of the wells with logs used to support developrment of the petrophysical
property distributions in the geomodel are more than 3 mules from the injector
{narrative Figures 28 and 31}, Whle crucial site-specific data will be collected when
Mendota INF 1 and OBS 1 are dnlled, they will provide only two data points, How

will updates 1o the geomodel reflect a sufficient level of detail throughowt the AoRY

EPA Evaluation of Response: The response is acceptable

The graphs in Figure 30 of the narrative compare the combination of porosity and permeability of the
upscaled cells and modeled cells, porosity vs. permeability by zone/formation, and porosity vs.
permeability for two lithologies (sand and shale).

s Inthe plot of well log-derived data points, upscaled values, and f’uié»’ﬁ@id simulated cells, the
wp*«m led values dominate, It appears that the upscaled value syibols may have been layered over the other
symbaols, Please revige the figure to show the distributions of all thaee ‘Egpm of data points more clearly,

EPA Evaluation of Response: The graphs have been separated as noted and are casier to review.

s Are there any concerns about autocorrelation since the permeability was based on porosity and
thology? I so, how was this 1gsus addressed?

FPA Evaluation of Response: The response 15 acceptable. We understand the model will be able to
be refined once the pre-operational testing has been done and new data are available,

s How many core samples from NAPA AVE A/ were used to support calibration between the core
data and well logs?

EPA Evaluation of Response: The response is acceptable,

#  Inthe core-to-log calibration, how was bias between core samples and well logging data handled
given that cores may not capture the heterogencity that well logging can capture?

&

&
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EPA Evaluation of Response: The response is acceptable.

The narrative notes on page 34 that, “As shown in Table 2, some of the wells have a

limited set of well log data. The petrophysical property uncertainty around these wells

was reduced by calibrating parameters and multi-well comparisons across different
formations.”

Please expand on the multi-well calibration described on page 34 of the narrative. Specifically,
how were these data incorporated into the geomodel i a manner that is representative of the
geologie system at the proposed site?

foe

EPA Evaluation of Response: The response is acceptable.

The graph in Figure 30 of the narrative showing porosity vs. permeability by
formation is labeled as Z values and the legend title is “Zones.”

= Please clartfy the meaning of the zones in the legend of Figure 30, Are they

o
equivalent to the formations, as suggested by the legend?

EPA Evaluation of Response: The response is acceptable.

g Were the dats binned into zones and then associated with the specific formations? a0, please

deseribe the method by which thas association was accormplished.

EPA Evaluation of Response: The response is acceptable.

s Were the graphs in Figure 30 the basis for assigning phi and K in the layering in

the model domam?
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EPA Evaluation of Response: The response is acceptable.

Figure 1 in the Rock Types file submitted to the GSDT shows rock types assigned
according to porosity and log k, with the shape ot data spread matching Figure 30 in the
narrative. The Rock Types file indicates that data were divided into two rock types (shale
and sand), and relative permeability and capillary pressure curves were assigned to the
two types. The rock types were defined based on the porosity and permeability data using
a neural network training method.

s Were the relative permeability and capillary pressure curves the only properties
assigned based on this facies assigmment and the scheme in Figure 1 of the

Rock Types file?

EPA Evaluation of Response: The response is acceptable.

#  Why was the information shown in Figure 30 of the narrative not used as the
basis for assigning these curves?

EPA Evaluation of Response: The response is acceptable,

s What is the uncertainty associated with the neural network training method?

EPA Evaluation of Response: The response is acceptable,

Figure 2 in the Rock Types file shows rock types along an E-W cross section. The cross
section has two different shades of blue in addition to purple.

& Isthere a difference between the two shades of blue in Figure 2 of the Rock Types file?

EPA Evaluation of Response: The response is acceptable,
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#  Please label the formations in Figure 2.

EPA Evaluation of Response: The response 1s acceptable.

In comparing Figure 1 in the Rock Type file with Figure 30 of the narrative, the facies in
Figure 30 show a broad spread rather than the sharp dividing line in Figure 1. It appears
that a number of shale data points in Figure 30 were assigned to the sandstone facies by
the neural network training method in Figure 1. There also appears to be a significant
difference in porosity between the Fourth Panoche and the Second Panoche Sands in
Figure 30.

= Ave the porosity differences between the Second and Fourth Panoche Sands
sutficiont to possibly warrant g third rock type?

EPA Evaluation of Response: The response is acceptable,

#  Ploase discuss how these two methods of assigning facies were used to inform the
geomodel and, consequently, the numerical model.

EPA Evaluation of Response: The response is acceptable.
2322 Geomechanical properties

At this preliminary stage, some geomechanical properties have been assumed based on
well log data from nearby wells and empirical relationships. For example, density and
compressional slowness in the Moreno Shale were based on well logs from the NAPA
AVE A 1 well, about 3 mi to the east of the injection well (narrative page 51). Fracturing
of the formation at the project site is also unknown. There are currently no laboratory
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core measurements for rock strength and ductility for the project site.

It is understood that the appropriate lab analyses will be performed on representative
cores when the injection well and the OBS 1 deep monitoring well are drilled. It is also
understood that borehole image logs will be acquired and used along with the 3D
seismic imaging to develop a discrete fracture model.

2323 Geomodel - 3D model grid resolution

The narrative notes in Section 2.4.3 that structural surfaces (i.e., formation contacts) were
used to produce a basic framework for the geomodel. The lateral grid cell size was 400 ft.
by 400 ft, but CES intends to use a finer grid once 3D seismic data have been acquired
and incorporated.

Variogram modeling using the petrophysical logs showed “.. .a NE-SW depositional
trend, with a vertical resolution of roughly 20 ft. by 20 ft. is likely representative of larger
depositional changes (for example from high-stand to low-stand sea level). To capture
smaller changes within each depositional cycle, 4 ft layer increments were defined for
each zone.”

These increments are geologically reasonable. It is understood that the geomodel will be
updated and refined once new, more detailed site-specific information are available.

2.3.24  Foult stobility

There are currently limited data to assess the stability of faults. As noted above, the application
indicates that geomechanical information will be collected during the pre-operation phase via core
analyses, pilot hole logs, and well tests. The narrative notes that in-situ stress can be assessed
integrating the density of the rock above the depth of interest (vertical stress), and minimum and
maximum horizontal stresses will be assessed via mini-frac testing and other methods. The application
indicates that these new data, along with 3D seismic profiling, will allow characterization of the in-situ
stress field, pore pressure, and rock strength. The geomechanical model that these data will support
will be used for a more comprehensive analysis of fault stability and sealing capacity.

The application cites a study by Chiaramonte et al. (2008) describing the development and application
of a geomechanical model for the Tensleep Formation to support consideration of a CO.GS project at
Teapot Dome. Chiaramonte et al. used the geomechanical model to estimate the pore pressure that
would cause fault slippage. The methods used by Chiaramonte et al. are thorough in terms of the
geomechanical characterization of the site and include a probabilistic sensitivity analysis. At this point,
we assume that CES intends to follow the same approach once they have the necessary data. EPA will
evaluate the data, geomechanical model, and conclusions when it has been developed.

2.4  Evaluation of the Computational Model Design

As noted above and in the site characterization report, CES’s modeling is based on
preliminary data, which will be refined when the injection and deep observation wells are
drilled and additional data (e.g., formation data and 3D seismic) are collected. Specific
elements of and considerations in our review are described in the sections below.

Routines for Relevant Subsurface Processes

CES used the ECLIPSE 300 (v2018.2) reservoir simulator with the CO2STORE module
to perform the AoR delineation. ECLIPSE includes routines for the relevant subsurface
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processes at the site, including equations of state for CO.and other chemical species of
interest.

As Attachment B describes, “ECLIPSE 300 is a compositional finite-difference solver
that is commonly used to simulate hydrocarbon production and has various other
applications including carbon capture and storage modeling. The CO2STORE module
accounts for the thermodynamic interactions between three phases: an H2O-rich phase
(i.e.,’liquid’), a CO2-rich phase (i.e.,*gas’), and a solid phase, which is limited to several
common salt compounds (e.g. NaCl, CaCl2, and CaCO3). Mutual solubilities and
physical properties (e.g. density, viscosity, enthalpy, etc.) of the H20 and CO2 phases
are calculated to match experimental results through a range of typical storage reservoir
conditions, including temperature ranges between 12°C-100°C and pressures up to 60
MPa. Details of this method can be found in Spycher and Pruess (2005).”

Geochemistry was not included in the numerical modeling. The narrative does
discuss the geochemical modeling that was done separately; this content was
addressed in the site characterization evaluation included in EPA’s technical
evaluation comments and information request dated August 19, 2020. Coupled
geochemistry and multiphase flow would allow exploration of potential effects of
mineral dissolution and precipitation on porosity and permeability and the possible
long-term effects of mineral trapping on storage capacity. We understand, however,
that there can be challenges in simulating changes in petrophysical properties because
of factors such as sediment texture and grain morphology.

s Wil reactive transport modeling be atterpted when additional data are available? If
not, please explain how the lack of incorporation of geochemical reactions into the
model may {or may not) limtt the accuracy of the predictions of plume and presswre
front nrigration.

EPA Evaluation of Response: The response is acceptable.

243  Spatial extent and discretization

The model domain was generated in Petrel. The static grid for the numerical model is 19 miles by 19
miles in the x and y directions. The part of the domain used for dynamic modeling is 11.4 miles by
11.4 miles in the x and y directions, with a tartan pattern of smaller cell sizes closer to the proposed
injection well, as shown in Figure 1 of Attachment B, which is reproduced below.

In the Z direction, the domain includes the Garzas Formation (the first permeable sandstone above the
Moreno Shale confining zone) down through the basement. The grid comprises “...53 x 53 x 446 cells
(totaling 1,252,814) in the x, y, and z direction, respectively, with variable cell sizes. The smallest
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grid cells around the injector and observation well are 60 ft x 60 ft laterally.
Vertical thickness of each cell within the model depends on the vertical proportion of each
formation.”

This approach to discretization appears to be generally appropriate; it is understood that the horizontal
grid cell size will be reduced as appropriate based on 3D seismic data to be acquired later in the
project.

Muodel Domain and Tartan Grid

SETEAS § SEORBASE

1 elventont

2.4.2  Boundary conditions

Section 2.6 of Attachment B states that the upper and lower boundaries were set as no-
flow boundaries assuming continuous presence of the upper and lower confining zones
throughout the project area. At the horizontal boundaries, the cells were set to simulate
an infinite-acting boundary by applying a pore volume multiplier of 1x10° for each
boundary cell.

2.4.3  Time steps

Attachment B, on page 7 describes the time step selection, noting that the software
optimizes the time steps to meet converge criteria. “Convergence is achieved once the
model reaches the maximum tolerance where small changes of temperature and pressure
calculation results occur on successive iterations. New time steps are chosen so that the
predicted solution change is less than a specified target.”

244 Model Timelrame

Simulations were run for 20 years of injection into the Second Panoche Sand (which is
the upper end of the 12 to 20-year range described in the permit application) and out to
50 years post- injection. Map and cross-sectional views of the simulated plume and
pressure front throughout this timeframe were provided in the “AoRs” file submitted in
the GSDT.

2.4.5%  Imitial Conditions and Operational Information

The table below summarizes the initial conditions and operational information used in
the computational model submitted via the GSDT. These parameters appear to be
appropriate based on the baseline site characterization data and proposed operating
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conditions described in the permit application. A discussion of specific conditions is
presented below the table.

Reference elevation -9505 ft MSL
Elevation of top of perforated interval -9400 ft MSL
Composition of injectate Pure CO:
Pressure gradient 0.4339 psi/ft (Attachment B, page 14)
Initial Aqueous Pressure 4,211 psi
Initial Temperature 137.5F at -6350 ft MSL
249.7F at -13350 ft MSL
Initial Salinity 25,000 mg/L

Mass Rate of Injection 350,000 tons/year

Fracture Gradient 0.65 psi/ft

Maximum Injection Pressure 5677.4 psi

Elevation corresponding to pressure -9505 ft

Composition of injectate Pure CO:

Injection Schedule Single injection Period (20 years)
Injection Start date 01/01/2021

Number of production/withdrawal wells N/A

Pressure gradient 0.4339 psi/ft (Attachment B, page 14)

The Second Panoche Sand (the primary injection interval) is located from about 8,900-
10,000 ft bgs. For most of the operational conditions in the model, a reference elevation
0f 9,505 ft SSTVD is used. However, it is noted that calculations based on depth
(maximum injection pressure and initial aqueous pressure) use 9,705 ft KB (Attachment
B, page 19). The reference elevation is located in the middle of the perforated zone
which begins at 9,400 ft MSL and extends to 9,620 ft MSL (Attachment B, page 16).
Note that, if CES opts to inject into the Fourth Panoche Sand, these values would need to
be revised.

The injectate as modeled is composed of pure CO.. Table 8 of the narrative presents analysis of a
sample of the injectate, which is 96.78% CO.with impurities, the most notable of which is O-
(1.15%), which is reactive with redox sensitive minerals present in the formation, and is
incorporated into the geochemical model (narrative, page 64). These relatively minor impurities
are not a concern for this initial round of multiphase transport modeling. If CES pursues reactive
transport modeling in the future, the full composition of the injectate will need to be accurately
represented.

Initial aqueous pressure and initial temperature were extrapolated using the reference elevation and
DOGGR/CalGEM data from reservoirs near the Mendota site to extrapolate pressure and
temperature gradients. Using a pressure gradient of 0.4339 psi/ft, CES estimates pore pressure to
be 4,211 psi at the reference elevation. The initial temperature calculation uses two reference
points (137.5F at -6,350 ft and 249.7 .F at -13,350 ft), above and below the target perforation zone,
to define the initial temperature in between. Based on DOGGR/CalGEM data, the temperature
gradient is 0.0146 ‘F/ft with the surface temperature set at 51.8 .F.
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Initial formation salinity is set at 25,000 mg/L. DOGGR/CalGEM data show that in general, the
salinity of Eocene and Cretaceous (Panoche formations are Cretaceous) range between 17,100 and
26,500 mg/L (narrative, page 59). Based on this information, 25,000 mg/L is an acceptable initial
condition until more site-specific data are available.

The injection rate of 350,000 tons/year and the 20-year injection period are consistent with the
narrative (page 71) and the operating details in Attachment A, which specify a proposed injection
rate of 958.9 tons/day (349,998.5 tons/year).

Maximum injection pressure was calculated using the fracture gradient and reference depth, along
with a safety margin. The fracture gradient is set at 0.65 psi/ft. Because there is currently no site-
specific fracture pressure or fracture gradient in the injection and confining zones, CES used
regional data from other sources. A study by Shryock (1968) cites a formation breakdown gradient
in the San Joaquin Valley Basin range of 0.63-0.64 psi/ft at depths of 5,000 to 8,000 ft. It is noted
that other sources based on studies within California have higher estimates for fracture gradient in
the Coalinga district (0.7 and 0.96 psi/ft) (Attachment B pages 16-17). The 0.65 psi/ft. appears to
be a reasonable initial estimate for this stage of the application process; the fracture pressure will
be revised when a step-rate test has been conducted at this site.

Per the Class VI Rule, the maximum bottom-hole pressure may not exceed 90% of the

fracture pressure; this equates to a maximum safe bottom-hole pressure gradient of

0.9 x 0.65 psi/ft =

0.585 psi/ft. Using the reference elevation of -9,505 ft, the fracture pressure is set at 5,677.4 psi.

246 Relative permesbility and capillary pressure curves

In the absence of site-specific lab-based data (i.e., special core analysis or SCAL), the relative
permeability/water saturation and capillary pressure/water saturation curves were developed using the
Van Genuchten model (Attachment B, Table 2, Figure 7, page 13). Irreducible water saturation (Swir)
was assumed to be 0.2 and 0.3 for sand and shale, respectively, and irreducible gas saturation was set
at zero. Hysteresis was not considered for either relationship. This is acceptable as an initial step in
developing a model.

CES notes that cores from the Mendota INJ 1 well will be subject to SCAL, which will allow the
development of site-specific curves. This step will be important, as model predictions are sensitive to
the shape of the relative permeability-saturation functions used. Ideally, laboratory core-analysis
techniques will be used for experimental measurement of the relative permeability- saturation and
capillary pressure- saturation functions at site-specitic reservoir conditions, with CO.and
representative native fluids. If this is not feasible, relative permeability-saturation relationships may be
estimated from core analysis using other immiscible fluids (e.g., Doughty et al., 2007). The inclusion
or non-inclusion of hysteresis also affects the predicted migration of the CO.plume leading edge and
predictions of residual trapping.

s Wil experimental measurements be done at reservoir conditions, with C0O2 and native fluids?

EPA Evaluation of Response: The response is acceptable,

#1119 not possible to obtam reliable laboratory-hased data Tor the relative
permeability and capillary pressure curves, will any changes be made o the
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estination methods used in the current modeling effort?

EPA Evaluation of Response: The response is acceptable

= Will hysteresis be considered in model updates?

EPA Evaluation of Response: The response 1s acceptable,

= The curves were developed for two rock types (sand and shale}). Given the
distribution of porosity/permesbility clusters for the ditferent formations (in Figare
36 of the narrative}, 18 1 possible o third set of curves will be needed {e.g., for the
Fourth Panoche Sand if o backup injection zone is neededy? Will the same curves
apply to both of the shale confining zones (First Panoche Shale and Moreno Shaley?
{See also the question under “Porosity, permeability, and vock types” regarding the
difference in porosity between the Second and Fourth Panoche and whether that
miight support a third rock type )

EPA Evaluation of Response: The response is acceptable.

2.4.7 Potential Pathways for Fluid Movement
2471 Faults

The block diagram shown in the “Model Domain” file shows strata dipping to the SW,
consistent with seismic images in the narrative that are based on 2D seismic data
acquired by CES (Figures 16 through 19). Furthermore, the narrative, on page 15 states,
"Near the proposed Mendota site, there are two known faults (USGS, 2019) located
approximately 5 miles away." See the site characterization evaluation included in EPA’s
technical evaluation comments and information request dated August 19, 2020 for
additional information.

All of these faults appear to be within the 19-mile grid of the model domain. However,
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the model as currently constructed does not include faults (“AoR Modeling” file), and
their effects on fluid flow at the project site remain unexplored at this point due to a lack
of data on fault stability and sealing properties. CES anticipates better fault assessment
as new data are collected.

s Wil any of the faults described in the narrative, especially Fault 13, be
meorporated nto the geomodel and the numerical model domain once they are
better characterized (e, with respect to their depth, geometry, and sealing nature)?

EPA Evaluation of Response: The response is acceptable,
24,72 Wells in the AoR

According to the Corrective Action plan (Attachment B, Section 5), there are 269 wells
within a 2.5-mile radius of the Mendota INJ 1 well. This is based on information
obtained from the California Natural Resources Agency well completion reports and the
DOGGR/CalGEM Databases. Based on information about their depth or (where not
available) their use, none are believed to penetrate the confining zone. Information based
on the CalGEM online Well Finder database indicates that there are 5 oil and gas wells
within 2.5 miles of the injection well; all were dry holes and were plugged. This
information was independently verified for this review using searches of the online Well
Finder database and well completion reports obtained from the California Natural
Resources Agency.

Two wells, Amstar 1 and B.B. Co. 1 penetrate the Moreno Shale into the Panoche
Sands. The Amstar 1 and B.B. Co. 1 wells are slated to be plugged, as described in the
Corrective Action Plan.

2.4.8 Calewlation of critical pressure

The PDF file submitted to the GSDT named “Critical-pressure-calc-01072020” contains
the parameters, equation, and the resulting calculated critical pressure for the proposed
injection well.

The calculation was done with Method 2 (Pressure front based on displacing fluid initially
present in the borehole, which is applicable to hydrostatic case only) described in Section
3.4.1. (Determination of Threshold Pressure Front) of EPA’s Class VI Well Area of
Review Bvaluation and Corrective Action Guidance. The resulting delta P is 3.5 psi. An
independent check on the calculations confirms the math is correct using the input values
in the file (see the table below).

Z, Garzas Reference Datum (ft) -1415|Bottom of Garzas Formation

Garzas Reference Datum {m) -431

Top, Middle, & Bottom of

Zi Panoche Reference Datum (ft) -9505) Panoche Perforation Interval

Panoche Reference Datum {m) -2897
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Py Pressure in the USDW {Garzas, Psi) 701
Pi Pressure in the Panoche (Psi) 4211
Py water Garzas fresh water density (kg/m3) 1000.0
Pi brine Panoche brine density {kg/m3) 1002.0
G gravity {(m/s2) 9.8066

€ — Pi —pPu
=7 Density gradient 0.000811

(23 i

Without site-specific data, the inputs for the critical pressure calculation are from existing
data from a nearby oil and gas field. The brine density of 1002.0 kg/m? is consistent with
an estimated salinity of 25,000 mg/L. The formation pressure of 4,211 psi at 9,505 ft is
based on data from DOGGR/CalGEM.

It is understood that these data and the critical pressure calculation will be updated
based on site- specific data collected during drilling of Mendota INJ 1 and OBS 1.

Calculation of the allowable threshold pressure increase using this method is applicable
only for hydrostatic conditions. If site-specific fluid pressure and density measurements
are not available, the Area of Review Evaluation and Corrective Action Guidance notes
that it may be acceptable to calculate an initial critical pressure if available information
suggests that the formation 1s likely hydrostatic.

CES has assumed a normal pressure gradient at this time based on initial reservoir
pressure data from nearby oil and gas fields (as reported to DOGGR/CalGEM). These
data suggest a pressure gradient of 0.4339 psi/ft. The normal pressure gradient will
need to be confirmed based on the results of pre- operational testing. Should the results
of this testing indicate that the formation is underpressurized, the allowable pressure
increase may be greater than that calculated using the equation in the table. If it is
overpressured, the allowable pressure increase would be smaller.

249 Representation of Fluid Properties

Relevant fluid properties for the numerical modeling include: viscosity, density,
composition, and fluid compressibility. The table below presents the fluid properties as
included in the permit application for the numerical modeling. These may be refined as
site-specific data are collected (e.g., salinity and, therefore, density).
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Parameter Units Evaluation Comments

Calculated by modeling program. The CO2 gas viscosity is
Viscosity M/LT calculated per the methods described by Vesovic et al. (as cited in
Fenghour, 1990) (Attachment B, page 6).

Critical P calculations use 1,000 kg/m® for the USDW and 1,002
kg/m3 for the Panoche. 1,002 kg/m3 is consistent with the

ﬂ- / / 3 . » . . . ~ »
Density ML estimated/anticipated salinity of 25,000 mg/L (see narrative page
63 for estimated salinity). These agree with inputs in the AoR
Composition Narrative page 63 describes the basis for preliminary estimation of
’ (@a?im ) M/L? 25,000 mg/L salinity for the injection zone.
| 7 More detailed chemistry was used for the geochemical modeling.
Fluid Y Agqueous phase compressibility set to 0, and CO2 set as
. or rs LTM |, oy T
Compressibility compressible.” (AoR modeling file).

= Why was the value for agueous corpressibility set to zero, and will this be
changed inthe next tteration of the model?

EPA Evaluation of Response: Response is acceptable.
2.5 Model Cabibration and Sensitivity Analyses

As the permit application narrative and Attachment B note, the preliminary model was
developed based on limited site-specific data. There are currently no data available to use
for model calibration or history matching. CES describes baseline data collection (e.g.,
via core sampling in INJ 1 and OBS 1) that will be used for model calibration.
Attachment B (Section 3.2) states that the sensitivity analysis will be performed by
varying one variable at a time.

A more complete review of this aspect of the modeling will be done once site-specific
data are available from the testing program for calibration and sensitivity analyses.

#  Please desonbe which variables will be manipulated in the sensitivity analysis and
how the degree of variation for each variable will be determined.

EPA Evaluation of Response: This response suggests CES has not yet considered which variables
they are likely to vary for the sensitivity analysis (we assume porosity and permeability at least}, nor
does it state what statistical measures will help CES in selecting the degree of variation to use in the
simmulations. The last sentence suggests a possibility that they will have inadequate data for some
parameters and may have to use professional judgment to select a reasonable range of values,
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While CES’s response does not fully address our questions, we do not think further questions at this
time will yield useful information. In descnibing revised modeling results based on the results of
pre-operational testing, we expect that CES will clearly present how the sensitivity analyses are
done, what data are used to inform the analyses, and the rationales for choices made based on the
best available information.

e How will model calibration be performed (e.g., manually or using & computer programy?

EPA Evaluation of Response: The response is acceptable,

2.6 Injection Zone Stovage Capacity

CES used a simple volumetric approach to estimate storage capacity, using the number
and sizes of cells in the geomodel along with the effective porosity assigned to each
cell. Page 71 of the narrative states that, “Within a 2.5-mile radius of the
Mendota INJ 1, the total pore volume of the Second Panoche injection zone is
calculated using the 3D geocellular model; for each model cell, the porosity was
multiplied by the cell volume. The total pore volume was calculated to be 3.74x10“ ft*.”
This is not an unreasonable approach for a general estimate of capacity given that site-
specific data collection has not been done yet.

Some assumptions were not specified for this estimate.

# A density value for the 002 would have been needed to convert the desived number
of tons to inject into volume fo compare against the pore space. What value was used
for the density of the supercritical CO2, and how was it chosen?

EPA Evaluation of Response: The response is acceptable.
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The COz2 storage capacity depends on a combination of factors including multiphase flow
processes, formation geometry and types of boundaries (e.g., open or closed boundaries,
fault sealing), geologic parameters (e.g., porosity, permeability, compressibility) and
their heterogeneity, and subsurface geochemistry. EPA’s Class VI Geologic Site
Characterization Guidance also recommends considering trapping mechanisms. As
additional data are collected, the simple volumetric approach can be updated and more
refined estimates can be generated (e.g., through dynamic modeling).

= Doecs UBES mtend to meorporate additional considerations or use the dynamic
modeling being conducted for AoR simulations to generate refined storage capactly
estimnates?

EPA Evaluation of Response: If we understand correctly, the updated petrophysical properties will
be used to refine the AoR based on the results of pre-operational testing, which will, in turn, be used
for an updated capacity estimate to be provided after the well is constructed using the same approach
as the mitial estimate. However, the follow-up questions below should be addressed prior to
construction authorization:

Follow-up Questions/Requests for CES:

s Wil irreducible water be factored into the pore volume estimate?
e Is our understanding of the usage of the updated petrophysical properties above correct?

s Please discuss the strengths and imitations of the approaches considered and
clarify how storage estimates will be refined w the future as now data are
available,

EPA Evaluation of Response: The response is adequate for the current state of the application.
Follow-up Questions/Requests for CES:

Future versions of the AoR and Corrective Action Plan (i.e,, based on the results of pre-operational
testing) should clanty/include the following:

e Provide the DOE saline storage equation.

e The narrative states on page 40 that, “...the total pore volume of the Second Panoche injection
zone 1s calculated using the 3D geocellular model; for each model cell, the porosity was
multiplied by the cell volume,” resulting in a stated total of 3.74x10 2. Is it correct that the
DOE saline storage equation is applied to each cell in the geocellular model?

e Please indicate the level of uncertainty in the estimate. Is it an upper bound, lower bound, or
middle range estimate? What factors might cause the storage capacity to differ from this
estimate?
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2.7 Presentation of Model Resulis

Map and cross-sectional views of the simulated plume and pressure front were provided in the “AoRs”
file submitted in the GSDT. The maps show the position of the plume and pressure front after 6
months, 5 years, and 20 years of injection, and 10 years, and 50 years post-injection.

Figure 11 is CES’s proposed AoR as delineated by the simulation model.

The differences in the predicted position of the plume and pressure front between the cessation of
injection, 10 years post-injection, and 50 years post-injection were fairly minor, suggesting that the
plume movement may remain stable after injection ceases. Updated modeling when more data have
been acquired will be needed to refine the modeled predictions.

2.8 AoR Reevaluation Schedule

CES described the procedures and timing for AoR reevaluations to be performed
during the injection and post-injection phases. At this point in the permit application
review, the five-year default reevaluation schedule appears to be appropriate. CES
also identified events that would warrant an unscheduled AoR reevaluation, and EPA
has the following questions and recommendations.

s  Regarding revicwing available monitoring data for comparison 1o the model predictions, the
specific types of data {e.g., the seismic methods to be used} will need to be refined as the
mjection and post-injection festing and monitoring stvategies (n Altachments O and E) are
finalived. HPA also recommends the following revisions to these planned reviews:

o Reviews of available data on the position of the CO2 plume and pressure
front should reference analysis of fluids sampled in OBS1L

o Reviews of ground water chemistry monttoring data should reference
data from ACZT in addition to the shallow monttoring wells and
USDYW I,

EPA Evaluation of Response: The response is acceptable; we will confirm that the plan was
updated as described when CES submits their revised AoR and Corrective Action Plan prior to
construction authorization.

s HPA recommends including additional trigpers for unscheduled Aol reevaluations:

o the arrval time of the plume and/or pressure front at OBS 1 and/or when
pressure and plume data recorded at OGBS differs significantly from
modeled projections.

o Inifiation of competing Panoche Formation injection projects within the same injection
formation within a Lmle radius of the ijection well,

EPA Evaluation of Response: The response is acceptable,

vered based on

el

= What is the timing for initiating an AoK reevaluation that is trig
Page 26

ED_006132B_00000771-00064



the events described (e.g.. within one month of identifying the existence of the
event)?

*

EPA Evaluation of Response: The response 1s acceptable; please note this in the updated plan.

s Please romove pressure from the bist of hydrochemical/physical parameters
identified immedistely above the confining zone, as pressure will not be
monttored n ACZL

EPA Evaluation of Response: The well 1s desceribed on page 7; however, pressure monitoring in
ACZT {(which is the only well to be completed immediately above the confining zone} 1s not
described on Table 11 of the Testing and Monitoring Plan.

Feollow-up Question/Request for CES:

s Please either clanfy where pressure will be monttored in ACZ1 or revise the Testing and
Monttoring Plan. This information should be provided prior to construction authorization.

2.9  Post-Injection Site Care Plan

Certain elements of CES’s Post-Injection Site Care and Site Closure Plan (Attachment E) are based on
the modeling effort and results and are evaluated below.

As required at 40 CFR 146.93(a)(2)(i) and (ii), CES presented the pre- and post-injection pressure
differential and provided a map that illustrates the predicted positions of the CO2 plume and associated
pressure front at site closure.

Figure 1 of Attachment E shows the predicted extent of the CO2 plume and pressure front (1Pc=3.5psi)
at site closure. This map and cross-sectional view match the “After 10-year Post- Injection” figure in
the “AoRs” file submitted in the GSDT. (See the section on Presentation of Model Results above.)
This figure will need to be updated as needed based on the results of the updated modeling that will be
performed as additional site data are collected.

2.9.1 Post-Injection Site Care Time Frame

CES proposed a 10-year alternative post injection site care time frame but did not provide a
justification for the appropriateness of the 10-year time frame that addresses the criteria at 40 CFR
146.93(c). CES notes that the Post Injection Site Care Plan will be finalized based on the results of
updated modeling performed after pre-operational testing is complete.

As discussed under “Presentation of Model Results,” the differences in the predicted position of the
plume and pressure front between the cessation of injection, 10 years post-injection, and 50 years
postinjection were fairly minor, suggesting that the plume movement may remain stable after
injection ceases, which may justify a 10-year post-injection site care timeframe. Future versions of
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Attachment E will need to address each of the criteria at 40 CFR 146.93(c) based on the site-specific
data collected.

This discussion will be revised as necessary during the review of the pre-operational phase AoR
modeling.

292 Nop-Endangerment Demonstration Criteria

In Section 6 of the Post-Injection Site Care and Site Closure Plan, CES described the contents of a
non- endangerment demonstration report that would contain: a summary of existing monitoring data;
computational modeling history; and evaluations of reservoir pressure, the CO2 plume, and
emergencies or other events. The following recommendations are offered to provide for a set of
criteria that are as specific as possible and can be supported by the data CES will collect during
injection and post-injection testing and monitoring. It is recognized that several related parts of the
project are under development (e.g., testing and monitoring activities, AoR modeling); however, these
recommendations are offered to reduce future uncertainty.

s  The criteria should specify that the same delineation model that supporied the
initial AoR delineation will be used i future reevaluations and to make the non-
endangerment demonstration to factlitate verification and/or model calibration
using actual monitoring and operational data,

EPA Evaluation of Hesponse: The response is acceptable; we will confirm that the plan was
updated as described in the responses in this section when CES submits a revised PISC and Site
Closure Plan with the updated permit application prior to approval for construction.

& The criteria should discuss the predicted behavior of the CO2 plume and pressure
front, supported by maps and graphs {e.g., of pressure profiles or extent of the
plume and pressure front) in the context of the data that will be collected 1o
demonstrate that the plume and pressure front are behaving as predicted at various
points i time.

EPA Evaluation of Response: The response is acceptable.

#  The data that will support the non-endangerment demonstration should be consistent
with the final injection and post-injection phase testing and monitoring strategies in
Attachments O and E. For example, the geophysical methods selected (e, 2D va
3D setsmie swrveys) should be consistent, They should also be spectfic as to the
typesdocations of data that will be gathered and compared against the model
prediction to facilitate model validation {e.g., the formations for which groundwater
quality datn will be coliected and pressure montoring locations)
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EPA Evaluation of Response: The response 1s acceptable; we will confirm that the Testing and
Monttoring Plan includes injection-phase 313 seismic surveys when CES submits a revised plan prior
to construction authorization. {Responses to RAI 4 indicate this is planned.)

#  The criteria should include an evaluation of natural and artificial potential conduits
for tfhuid movement, inchuding the faults described in the geologic narrative.

EPA Evaluation of Response: The response is acceptable.

s The non-endangerment eriteria should include evaluations of mobilized fluids
and passive seigmic data. It appears that the discussion in Section 6.6 addresses
these evaluation areas.

#=  The noneendangerment oriteria should include a summary of any emergencies or
other unanticipated events that may occur during the injection and post-injection
phases, This may be presented i a table that shows (1) examples of unanticipated
events that might occur, and (2 the types of data that might be used to demonstrate
that any associated issues have been resolved such that there 13 no endangerment o
LSDWs,

®

EPA Evaluation of Response: The response 1s acceptable,
3 Appendix A: Updated Tables and Figures

Table 2: Proposed operational procedures.

Parameters/Conditions Limit or Permitted Value

Maximum Injection Pressure
Surface | 2026 psi
Downhole | 5677 psi
Average Injection Pressure
Surface | 1042 psi
Downhole 4212 psi
Maximum Injection Rate 958.9 tons/day
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Average Injection Rate 958.9 tons/day
Maximum Injection Volume and/or Mass 350000 tons/year
Average Injection Volume and/or Mass 350000 tons/year
Annulus Pressure S psi
Anmulus Pressure/Tubing Differential 100 psi

2. Injection Well Operating Conditions

PARAMETER/CONDITION LIMITATION or PERMITTED VALUE
Maximum Injection Pressure — Surface 2026 psig
Maximum Injection Pressure — Bottomhole 5677 psig
Annulus Pressure S777 pyig
Annulus Pressure/Tubing Differential 100 psig
Maximum CO, Injection Rate 958.9 tons/day
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Figure 1: Well log upscaling of the two nearest wells over the Second Panoche Sand (from Petrel 2019).
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Figure 2: Well log upscaling of the two nearest wells over the upper section of the Second

Panoche Sand (from Petrel 2019).
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Figure 3: Porosity-permeability crossplot model cells colored by formation (from Petrel 2019).
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Figure 4: Porosity-permeability crossplots of well logs and upscaled cells (from Petrel 2019).
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Figure 5: Porosity-permeability crossplots of well logs vs. facies type (sand and shale) (from Petrel 2019).
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ENCLOSURE 4

Evaluation of Applicant Responses to EPA's Technical Review Comments on the
Proposed Well Construction, Plugging, and Corrective Action Activities in the CES-
Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-Mendota
Class VI UIC Permit. EPA’s Technical Review Comments and recommendations (dated October 28, 2020) are in
blue text. CES’s responses (dated November 2, 2020) are provided in grocn toxi. EPA evaluations are in red text.
EPA expects that most of these questions can be answered based on available information and requests that they be
addressed in the updated permit application that CES plans to submit later in 2021. However, where applicable,
EPA notes below that some cannot be fully addressed until the well is constructed and pre-operational testing is
performed. No confidential business information is included in this document.

3.1 Injection Well Construction

Section 5 of the permit application narrative and Attachment G describe the proposed injection well construction
design. The proposed injection well design is presented in Figure 1 of Attachment G and Figure 51 of the
narrative. The figure shows the position of the various casing, tubing and perforations to be implemented in the
Mendota INJ 1 injection well.

The proposed injection well will be a new vertical well, to be drilled with a deviation of less than 5 degrees. The
application explains that well logs to provide formation properties and any needed formation sampling will be run
from 7,432 feet to 1,800 feet (see additional evaluation under “Pre-Operational Testing of the Injection Well,”
below). If, based on cement and casing evaluation logs, a competent formation to set casing is found above the
Third Panoche Shale, then the 9-5/8 inch hole may not be drilled to 10,412 feet. A 7 inch, 38 1b/ft, L.-80 casing
from 0 to 7,332 feet and then 7 inch 38 Ib/ft L-80 13Cr casing from 7,332 feet to 10,412 feet will be run into the
hole and cemented to surface. After the cased hole logs are run, the well will be perforated and completed with an
injection packer and 3-1/2 inch L-80 13Cr tubing string. The perforation interval will be selected based on the log
analysis, but is anticipated to be from about 9,600 feet to 9,820 feet.

Well construction will provide 3 casing barriers with generously cemented anmuiluses covering the USDW from
the surface to 1,800 feet. Covering the USDW will be the 16 inch, 10-% inch, and 7 inch casings.

A removable 3-% inch tubing string with a retrievable seal bore packer will be used to facilitate movement and
changeout of the tubing string and allow for needed testing. The tubing string will be fitted with nipple profiles to
facilitate testing of the tubing, packers, and tubing annulus. Pressure and temperature monitors will be installed
downhole and at surface on the various annular ports for the casing wellhead and tubing.

All casings will be cemented to surface. The application states that there are currently no known conditions
preventing bringing cement to surface without a stage collar on the surface, intermediate, and long strings.
Coverage of the annulus and cement strength will be evaluated with wireline cement bond log (CBL) and ultra-

sonic cement evaluation logs.
The conductor casing is expected to be driven but a provision has been allowed to drill a hole and cement the

casing if soil conditions do not permit driving the casing to ssfeet.

The surface casing will cover the USDW at a maximum depth of 1,415 feet TVD. Surface casing depth is expected
to be 1,800 feet. Type II/V cement meets ASTM Specification C 150. It is a low alkali Portland cement for general
use and where high sulfate resistance is required.

The intermediate casing will be set 100 feet into the top of the Moreno Shale confining zone. Cement will be
brought back to surface from 7,432 feet TVD. Class G cement is an API grade cement with specifications defined
in various API standards, primarily API Spec 10A. Pozzolan will be an additive to reinforce the cement slurry.

The long casing string will be set 100 feet into the Third Panoche Shale but may be set higher if an appropriate
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formation can be found. Cement will be brought back to surface from 10,412 feet TVD without a need for staging
equipment. The CO:resistant EverCRETE* will be taken to above the Moreno Shale with a top of 7,332 feet to
7,000 feet. The application describes EverCRETE* as state of the art for storage of CO:for GS and enhanced oil
recovery projects that can be incorporated into standard primary cementing operations for zonal isolation of new
CO:injection wells.

Cusmementy on Well Constraction Procedures and Materials

The Class VI Rule requires that well component materials be compatible with the planned injectate and
formation fluids that may be encountered and can resist corrosion for the duration of the project. The
application states that materials suitable for CO: environment are clearly specified in API, ANSI/NACE
and ASTM standards and that suppliers of components will be required to demonstrate and provide
certification that their equipment has been tested and evaluated against these standards and that they are
suitable for purpose in the environment defined.

While a preliminary injectate composition is described in the narrative, the application also states that
well construction materials will be reviewed following tests of the composition, properties and
corrosiveness of the injectate. When CES provides details about the specific materials, EPA will conduct
a fuller evaluation. However, based on the impurities anticipated to be in the CO:injectate, as listed in
Table § of the narrative (i.e., H:0, Os, Hs, N2, CO, Ar, NO, NO., H2., and NHs), CES’s proposed
approach to construction appears to be acceptable.

The strength of all proposed well materials must be capable of resisting all of the forces encountered. The
application states that casing selection has been evaluated against industry standard worst-case loads to
determine if selected casing sizes, material thickness and grade are suitable for the environment in terms
of pressure and temperature. Where applicable, special loads were created to determine if the casing could
handle a load not covered by current standards. Areas evaluated are casing/tubing burst, collapse, axial
and compressive strengths in unilateral, bilateral and triaxial (Von Mises) load scenarios.

Tables 10 to 14 in the application narrative provide casing design specifications and details. There are
inconsistencies between the text and the casing details in Tables 13 and 14 regarding the casing grade to
be used in the surface, intermediate, and long string casings. The text states the grades as L-80 for the
intermediate casing and long string casing but T-95 in the two tables. The grades listed in Tables 13 and
14 are also inconsistent for the surface and intermediate casing strings.

Table 13: Mendota INJ I casing specifications

Conductor 86 22 21 197.41 B Welded 26.13 2440 1950
Surface 1800 16 15.01 84 N8O Long 26.13 4330 1480
Intermediate | 7432 10.75 9.760 55.5 N8O Long 26.13 6450 4020
Long-string | 7332 7 5.920 38 T-95 Long 26.13 12830 13430
Type 1
Long-string | 10412 7 5.920 38 ™ Long 14.92 12830 13430
95Crl3
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{Tuble 14: Mendota INJ 1 casing details.

Depth Digmeter Thickness Diameter Weioht
Conductor 86 fi 26 in lin 22 in 197.41ppf 16997 lbs
Grade: B

Connection:
Welded

Surface 1800 ft 20 in 0.875in 16 in 84 ppf Grade: 151200 1bs
Connection:
Tenaris ER

Intermediate String 7432 ft 14.75 in 0.495 in 10.75 in 55.5 ppf 412476 1bs
Grade:
Connection:
Tenaris Blue
Long String 7332 9.625 in 0.590 in 7.0 in 38 ppf Grade: 422792 1bs
T-95 Typel
Connection:
Tenaris Blue
10412 9.625 in 0.590 in 7.0 in 38 ppf
Grade:T95-13Cr
Connection:
Tenaris Blue

The injection well construction procedures and materials are satisfactory except as discussed and noted
below.

Comments on Cementing

The proposed cementing procedures must provide a continuous sheath of cement from the bottom of each
casing string to the surface with placement of the surface casing below the depth of the lowermost
USDW. The application states that all three casing strings will be cemented from total depth to thesurface
and will provide three casing barriers with cemented annuluses covering the USDW from surface to 1,800
feet. As noted in the geologic evaluation report, formation sampling will be performed to contirmthe
depth of the lowermost USDW; however, a surface casing depth of 1,800 feet is likely to be adequate.

CO:resistant EverCRETE cement will be placed from the total depth of the wellbore through the Panoche
Formation to above the Moreno Shale. The EverCRETE* system should provide zonal isolation during
injection, throughout the life of the well, and after plugging. CES states that it has proved to be highly
resistant to CO-attack in the most extreme laboratory conditions, including environments with wet
supercritical CO-and CO:water saturation in downhole conditions. As with the well construction
materials described above, a definitive determination of the proposed cementing plan is pending final
analysis of the injectate; however, based on the anticipated impurities in the CO:stream, CES’s proposed
cementing approach appears to be acceptable.

Ouestions/Roguests for CES:

T3P reirn ooty fhiss crerosmer cviredi S e w5ty v s it et o frinsey ciwimier cereiuere Fgn Sl fomed
v Plegave olarily the casing grade for the surface, infermedivte, snd long string casings in the fext

and in Tables 13 and 14

EPA Evaluation of Response: Table 4-3 indicates that the grade of the surface and intermediate casing
materials is N80, which is consistent with information in Table 13 of the permit application narrative.
This response 1s acceptable. However, the narrative description of the casing specifications is still
inconsistent with the casing grade information in Table 4-3 and should be revised when the updated
construction plan is submitted,
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v Please provide data from the manufacturer ol demonsirates EverURETE is move nmf@{fﬁés-‘{%

than Povifond Cemeni under the deep well condivions of (U attack, How fong will Everl RET

endure under fong term CUr covrosive conditions, and what data support these conclugions?

EPA Evaluation of Response: This SPE paper compares the performance of Portland cement with a
“new COh-resistant material,” (which is assumed to be EverCRETE). It concludes that the material has
good mechanical behavior and remains comparatively inert in the presence of wat COy. It does not
directly address the longevity of EverCRETE: however, such information may not be available for CO»
G5 applications. No further questions.

o Ave capilieey twbes used for installasion of either fiber optics or other eguipment exiernal (o the

¥ 2

e f e A, by o PRI S U S AT P 2 2 oot
casing? {f so, what iy thefr internal dlameter, and how will they be plugeed af the end ofthe

well ‘s dife?

EPA Evaluation of Response: Response s acceptable.

Considerations based on the vesults é’{f?ﬁ‘é’»i}gﬁi’i‘ﬁﬁﬁﬁﬁf Fesving Modelfing Updates:

» RS will need fo demonsirate thar the selecied well companent moterials are compaible with
Jormasion fhuids that may e "?”{3:‘/5}’}3{’;’"¢;‘(i as deveribed in the results of pre-injeciion formaiion
sexting, and that they can resisi covrosion for the duration of the project

®

» s madified based on the vesulis

3 3 s sion and moniforing wells i
determine the base Qf fi@ff fowermaosd ,?,,.»"3.5.? ?iw

%

z

o Following the pre-consiruction measwrement of the composision, propevties, and corvosivenass of
the injectate, the well constriction materials and coment will need to be reviewed based on the
results of these fosts,

o~

A Gies v F v O eis o fisies v bioani o ohiersidiad padioant §EH S 0 Aot ois 3 F
= The fingl construction sohematios should reflecs CES v decision ro inject inin the Second
£

‘wroche (the primary injeciion igreet) or the Foursh Fanoche ¢the afternate injection ronel.

EPA Evaluation of Responses: The above responses are acceptable at this point in the project. EPA
will review updated construction procedures following pre-operational testing.
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Additional Question for CES:

CalGEM reports that there has been subsidence in the area of the Mendota site (e.g., in the Gill Ranch Field,
subsidence is ocourring at a rate of four inches per year). This has resulted in casing collapse and the re-
emergence of abandoned wells. There is concern that a similar problem could arise at the Mendota site. The
Field Rules for the Gill Ranch Field (and others) require relieving stress on the surface casing (e.g., via
welthead design that allows differential movement between the casings). Because Class VI wells have
cementing of the surface casing to the surface, flexibility may be needed to address this potential concern.

#« Has CES considered how it might modity the well design to nuitigate shallow compression while still
complying with the requirement to cement to the surface?

3.2 Safety Valves and Shut-Off Devices

The wellhead will be equipped with safety valves and shut-off devices at the injection system and annulus
of the well. Automatic shutdown devices would be activated under certain conditions, including when
wellhead pressure exceeds the specified shutdown pressure and/or the annulus pressure indicates a loss of
external or internal well containment.

The Emergency and Remedial Response Plan, described in Attachment F and Section 4.0 of the
application, provides a description of the events that may necessitate gradual or immediate shutdown of
the well depending on the severity of the event. Attachment A describes the shutdown procedures.

Puestions/Reguests for CEX:

FXF e e S5 I 0 SRR S SO SN v ovgsd Shren o ot o Y S

o Pleuse provide additional informaiion abous the fvpes of safety vafvey anc
P 0t fer Rivio e § B CTY JpN Foros o O Fo o o vosai i Ao FigaFemad foy fhim e PP s g G S8 Fate ME e e gtet
proposes fo e, i particalar, please deseribe fow they will Be finked fo the continnony injection and

s &

annulus moniioring system.

EPA Evaluation of Response: The Class VI Rule allows the use of automatic surface shut-off
systems {with down-hole shut-off systems at the Director's discretion). This response is acceptable;
EPA expects that CES will provide well schomatics and final well construction plans that include the
selected devices and will review these when they are submitted.

aoe and downhole pressuve and

ion well schemarios in show the surt

SHperaiere gauges that cod i the Testing and Monitoring Plan,
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EPA Evaluation of Respense: The schematic on page 46 of the response shows the locations of
temperature and pressure gauges within the Panoche Formation (at 9,290 and 9,437 feet); this is
consistent with information on Table 11 of the Testing and Monitoring Plan. This response is
acceptable.

3.3 Pre-Operational Testing of the Injection Well

The proposed pre-operational formation and well testing program required at 40 CFR 146.82(a)(8) and
146.87 is described at Section 6 of in the permit application narrative and in Attachment G. Attachment
G describes tests and logs to be performed: at the surface, in the surface section of wellbore, the
intermediate section of wellbore, and the total depth section of wellbore, along with tests to be performed
during and after casing installation (i.e., cement evaluation and mechanical integrity, formation CO:
saturation testing, and formation testing). The proposed testing and logging program is considered
comprehensive and acceptable, except as noted below.

Puestions/Reguests for CEX:

i progran before surface, infermediaie, and long siving

» Please add caliper fogs o the
casing are msialied :sz<,,ez,é.e"{f pice with S0 CFR 14657,

-

25 vty sttt s R NP ST G er g SRRy ORI : . [ S N S 2 TN
«  Ploave add zw;spwa:zzzz: ¢ loggping affer each casing siring is sef and comented in aocordance with

FOCHR 1464

EPA Evaluation of Responses: The updated testing and logging procedures were not included in the
response, However, EPA finds this response to be acceptable and will confirm the inclusion of caliper
and temperature logs in the updated testing and logging procedures when they are submitted with the
revised permit application.

Considerarions based on the resulis of Pre-Operationd Tesving/Modeling Updates:

¢ and monitoring

© As desoribed in other FEpOrs (2.2, the Aok modeling evaluation and the fesiin

e’vg;!@gmze;&z‘z reportsl, the proposed formation texiing program will provide information (o support

1ecxie (e

the setiing of sperating condifions of the permiz, provide inpuds for modeling to d
final A,z.f;‘%, und estabiish ¢ ?f)a:zwimc for parameiers that will be measured during injection und

Wy procesd (o

L As nes

saiions may be revised ay the ren

POsSE ijection paa
- P IS N R P i\
ng program will coliect the infovmation needed

ensure fhat the pre-aperational fesiis

fre well i properiy consirugs ¢ information om subsurface formations and fluid

EPA Evaluation of Response: This response 13 acceptable.

3.3.1  Pressure Falloff Testing (PFOT)

Ueneral Comments

The proposed falloff test procedures presented in Attachment G are duplicated in Attachment C (the
Testing and Monitoring Plan), but with minor differences between the two attachments. The differences
were noted in step 18 of the Falloff Test Report Requirements and in a missing step 2 in the Evaluation of
the Test Results in Attachment C that is present in Attachment G. Also, the steps in Attachment C should
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be re-numbered for consistency with Attachment G. In addition, steps 3, 4, and 5 in the Pretest Planning
section of Attachment C are inconsistent with steps 3 and 4 in Attachment G and the reference to an
appendix concerning pressure gauges is missing in Attachment C. The referenced appendix is included in
the Region 9 PFOT Guidelines document.

Onestionsy Reguesis for CEN:

z

ey henween dttachments O and § discussed abov

LI A

complete and corvect copy of the proposed pr

A

ease addresy the discrepanc

ARITENS ?} it (}‘f fest prog adires ang

referenced Appendix,

e

+ Please also include vhis in the Testing and Monitoring Plan.

EPA Evaluation of Responses: The requested changes have been made and, if the same procedures
are included in the updated Attachments C and G to ensure consistency, then these responses are
acceptable.

The proposed PFOT procedures in Section 8 of Attachments C and G are nearly identical to the Region 9

PFOT Guidelines document, except as noted below:

332 Timing and of Fall-off Testing and Report Submission

The initial PFOT should be performed upon well completion, but before injection operations begin and
annually thereafter, as described in 40 CFR 143.87(e)(1) and the PFOT Guidelines. See additional
discussion of the PFOT timing in the testing and monitoring evaluation report.

333 Fallofl Test Beport Requivements

{Ruestions/ Reguests for CES:

Please add “elapsed thme 7 1o the end of the frst buller of Step 18 in Atachment O,

EPA Evaluation of Response: The requested change was made; this response is acceptable.

Plannioag

The ninth bullet is not included in the Region 9 PFOT Guidelines. The testing options described would be
subject to EPA approval.

Uuestions/Reguests for CES:

3

37 Ly ) ¢ 4 wrges i3 vy £ Feseier 2 . £
v Please add that the festing options for use of other pressure fransient fesis desortbed in the ninth
T

&
fudlet under “Flonning ™ are "ﬁ‘hjii,;' i BPA approval

EPA Evaluation of Response: This response 13 acceptable.
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3234 Pretest Planning

Step 3: Bottomhole pressure measurements are not only superior to surface pressure measurements but
are required in all pressure transient tests unless measurement of only surface pressures is approved in
advance by EPA. The second sentence is also not applicable to PFOTs unless approved by EPA.

Step 4: This language was added by CES and is acceptable.

Step 5: This is identical to Step 4 in the Region 9 PFOT Guidelines except for omission of the reference to
the Appendix in the Guidelines. This step is included in Attachment C, but not in Attachment G; as noted
above, EPA requests that the two attachments be consistent.

Uuestions/Reguests for CES:

*  Please revise Step 5 under “Fretest Planning” to require bottombole pressure in addition to
surface pressurs gauges for condueting PFOTs performed withouwt advance EPA approval for use

of ondy sur

faee pr

EPA Evaluation of Response: The reqguested change was made. This response is acceptable.

3238 Conducting the Fall-off Test

Steps 6 through 11 are not included in the Region 9 PFOT Guidelines and were added by CES. They are
acceptable with the following exception in Step 9: the maximum injection pressure should not exceed the
maximum allowable surface injection pressure specified in the permit, which will be limited based on the
formation fracture pressure and a safety factor.

{heestions/Regresss foy CES:
“Conduciing the Falloff Tewe”

Face injectic

> thuf the infeciion pressuve wifl

e permit,

EPA Evaluation of Response: The requested change was made. This response is acceptable.

336 FEvaluation of Test Besults

Step 2 in Attachment G is missing in the PFOT procedures in Attachment C but is not included in the
Region 9 PFOT Guidelines. It is an acceptable addition to the procedure, but the Attachment C and G
PFOT procedures should be consistent.

Step 3 in Attachment C (Step 4 in Attachment G), fourth bullet in the Attachment C version of the FOT
procedure omits the phrase “and skin pressure drop” that is included in the PFOT procedure in
Attachment G.

Step 5 in Attachment C (Step 6 in Attachment G) is not included in the PFOT Guidelines but is an
acceptable addition to the PFOT procedure.

The language added by CES that follows Step 5 in Attachment C (Step 6 in Attachment G) is acceptable,
but the second paragraph referring to “unusual petition approval conditions” is not applicable to Class VI
wells. Likewise, the discussion of comparisons of PFOT results to no-migration petition data is not
applicable to Class VI permits. However, this information may be relevant to AoR reevaluations.
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Uuestions/Reguests for CES:

» Please add Step 2 fo the FOT procedure in Antachment O

s Plegse add the T

i
congistency with 5?@ I

ep d in Li Tiend {_:.

o Consider revising the discussinn in the second paragraph (o d

inform AcR reevaluations.

seass frow unaniicipaied FOT resy

EPA Evaluation of Responses: The requested changes were made and the above responses are
acceptable. Note that there are a few reforences to a “petition” in the FOT procedures. These do not
affect the appropriateness of the procedures; however, EPA recommends revising the text for clarity
when the updated permit application is submitted.

Follow-up Question/Request for CES:

s Please remove all references to a “petition” in the FOT procedures for clarity when the
updated permit application is submitted.

3.4 Monitoring Well Construction

EPA recommends in Class VI guidance that monitoring well construction be reviewed in a manner that is
similar to the injection well review (especially for the deep ground water monitoring wells).

CES describes seven proposed monitoring wells in the Testing and Monitoring Plan and indicates that the
location and design will be finalized in a later phase of the project. EPA requests that CES provide
construction procedures and specifications for each well (particularly ACZ 1 and OBS 1) for EPA to
review in the context of updated geologic information.

Note that EPA understands that the California Regional Water Quality Control Board will need to
approve the construction of any new monitoring wells. While this will not be a UIC permit condition, it is
relevant to CES’s planning of its monitoring well network and is being shared for informational purposes.

Puestions/Reguests for CEX:

* Please propose construction procedures and specific :zi:<>mj< the proposed momiioving wells,
While
< 4}

eyvuflahie information about the casing, coment, and devicey that will |

He e ':*;ﬂ,g and Moniorisg Plan

& ;- 5 5 e g § o 5 i o 42 § oo R
¢ NEPA undersiands ffv‘* ined locasions and iit@zfiﬁ? (“ the monitoving wells ’li'é?j.?{;’;‘f(ni’fg. Ry

used jo sample fluids

and mequure femperature, pressure, ¢ic., that are deyoribed in i

is vequesied.

EPA Evaluation of Response: Construction schematics and plugging diagrams/procedures for cach
type of monitoring well described in the Testing and Monitoring Plan were provided. However, a
discussion of proposed monitoring well construction procedures (similar to the discussion of injection
well construction procedures in the permit application) should also be provided.
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A schematic for the USDW1 monttoring well {on page 48) shows that the well will be cemented from
the surface through the base of the USDWSs using Class G cement, with a packer set at 1,360 faet
{which is above the USDW base at 1,415 feet, per the permit application). A plugging schematic for
this well is provided on page 51, which shows cementing from the surface to 1,500 feet.

A schematic for the planned shallow groundwater wells is on page 53, the depth shown (150 feet) is
consistent with the planned depth range of 50 1o 500 foet in the Testing and Monitoring Plan. It is to
be constructed with PVC casing and cemented to its total depth. A schematic for plugging this type of
well is on page 54 and shows a cement plug through the entire depth.

A schematic for OBSI1 {the injection zone monitoring well} 18 on page 56. This well is to be completed
in the Panoche at a depth similar to the injection well and constructed with surface casing cemented
down to 1,800 feet, through the USDW base at 1,415 feet and with COp-resistant cement placed in the
full length of the long string casing annulus. It is to be equipped with tempevature, acoustic, and
pressure gauges at the depths of the USDW), above the confining zone, and in the Panoche (which is
consistent with the Testing and Monitoring Plan). A plugging schematic for this well is on page 59.

A schematic for ACZ1 (the above confining zone monitoring well) is on page 61. This well is

temperature, acoustic, and pressure gauges at the depths of the USDW and above the confining zone
{consistent with the Testing and Monitoring Plan). It has surface casing cemented down to 1,800 feet,
below the USDW base at 1,415 feet. A plugging schematic for this well is on page 64.

The information provided in the schematic diagrams is generally consistent with other information in
the permit application, including the Testing and Monitoring Plan and information about the depth of
the injection and confining zones and USDW. Based on currently available information, this response
is acceptable.

EPA will review updated schematics and plugging plans in the context of the results of pre-operational
formation testing.

Follow-up Question/Request for CES:

e Please include a discussion of proposed monitoring well construction procedures (1.e.,
stmilar to the discussion of injection well construction procedures), in the updated
permit application.

Considerarions based on the results of Pre-Operationd Tesring/Modeling Updates:

» The moniforing well consiruction deiails and locasions will need i be s

@y e

vvs Teoverorid wves ares Corod csenrs Frvesdon o wruns or i et sers iy iifosed decomivn ey odued
v Based on updated geclogic information collected duving dvi

well and planned pre-operariona! seismic survavs,

EPA Evaluation of Response: This response 13 acceptable.

3.5 Injection Well Plugging Plan

The CES injection well plugging plan in Attachment D of the application describes planned tests or
measures to determine bottom-hole reservoir pressure and planned internal and external mechanical
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integrity tests. The MITs are listed in Table 1, and include an acoustic survey and temperature log, as
required by 40 CFR 146.92. It also provides information on plugs (with materials and methods noted in
Table 2), and a narrative description of plugging procedures. The Post Plug and Abandonment Well
Diagram is provided in Figure 6.4.

Table 2 of Attachment D (reproduced below)

resents the plugging details.

g H

g 4

Farg 93

Piug 4

Diameter of boring in which plug will be placed (in.)

5.92

5.92

5.92

Depth to bottorm of tubing or drill pipe (ft)

1950

100

Sacks of cement to be used (each plug)

20

Slurry volume to be pumped (bbl)

4

Slurry weight (Ib./gal)

158

15.8

Calculated top of plug (ft)

8837

0

Bottom of plug (fi)

9637

1950

100

Type of cement or other material

CO2
Resistant

Class G

Class G

Class G

Method of emplacement (e.g., balance method, retainer

method, or two-plug method)

Balanced

Balanced

Balanced

[Balanced

The bottom-most plug (the only one that is anticipated to come into contact with the CO:injectate after
injection operations cease) is to be composed of CO:-resistant cement, and the remaining plugs will be
Class G cement. It is not clear why CES is not proposing to use the same EverCRETE product that is
proposed in well construction to plug the injection well. If, based on their responses to EPA’s questions
about EverCRETE, this system is approved, it may be appropriate to use the same product when plugging
the injection well.

EPA Evaluation of Response: This response is acceptable.

The plugging procedures state that the test pressure should be maintained +/- 10% for 30 minutes in order
to pass the test (page 8). The well test pressure during the plugging procedure should not change more
than 5 percent in 30 minutes.

EPA Evaluation of Response: This response i3 acceptable. EPA will confirm the revision when the

updated well plugging plan is submitted.

The Injection Well Plugging Plan is subject to revisions to reflect the actual depths of the Moreno and
Panoche Formations, selection of the injection zone, and determination of the base of USDWs and final
well construction details, based on geophysical logs and interpretation of site geology after the injection
well is drilled. Estimated depths of the Moreno and Panoche Formations, injection zone, USDW base, and
significant water and hydrocarbon bearing zones encountered should be included in the well plugging

schematic.
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The cement plug at the base of the intermediate casing is misplaced on the plugging diagram and in Table
It should be placed at 7,582 to 7,382 feet instead of 7,782 to 7,582 feet. The surface plug appears to be placed from +/-
10 feet to the surface but is described as from 100 to 0 feet in the plugging diagram and in Table 2.

According to Figure 6.4, the perforations are 9,337 - 9,537 {t and the bridge plug is proposed to be set at 9,637 ft. This
would mean that the bridge plug would be set below the injection perforations, followed by balancing a Class G
cement plug across those perforations. EPA recommends the following changes to provide a solid block of CO»-

resistant cement covering the injection perforations and have the benefit of a cement retainer on top of the block with
another plug on top of that:

Set bridge plug at 9,637’.

Set cement retainer at 9,237°.

3. Pump CO:-resistant cement through cement retainer under pressure (to squeeze some cement into
the perforations). Use enough cement to fill the ~400° of 77 casing between the bridge plug and
the cement retainer.

4. Sting out of cement retainer and balance 100’ - 200” of CO:resistant cement atop the

cement retainer.

[N I

EPA Evaluation of Response. The changes are acceptable as described, except for step 3 above,
which is incomplete.

Follow-up Question/Request for CES:

e The description of step 3 (“Circulate and two stands above 9237 {17} is incomplete. Please
complete and clarify the description of step 3 in the updated plan.

Cuestions/Reguesss for CES:

= Please revise the plugoing procedure 1o siare that the fest pressures should be maintained af +/-5

Do for 30 miimsies.

EPA Evaluation of Response: The requested change was made. This response is acceptable.

o Please add the estimared depihis of the Moreno and Panoche Formarions, the sefecied injeciion
zome, the base f}}f‘ he dowesy DS, and signifi

drocarbon saturared rones

i

encouniered in the wellbore fo the well plugen
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EPA Evaluation of Response: The reguested change was made. This response is acceptable.

s F ¢ corvect or clarify the depihis of the coment plugs gt the intermedicie casing shoe and the
base of the conducior pipe fo the surface in the plugging dagram and in Table 3,

k-l
EPA Evaluation of Response: The plugging diagram on page 47 has been revised to clarify the
depths of the coment plugs at the intermediate casing shoe and the base of the conductor pipe in
Figure 5-2. However, no plug s provided at the base of USDWs at 1,415 feet.
Follow-up Question/Request for CES:

e Please add a coment plug at 1,519 1o 1,315 feet or extend the plug at the surface casing shoe to
1,315 foet to cover the base of the USDW in the updated plan.

o Plegse revise the depih and procedures associaied with the bridee plug gt the botiom of the well as desoribed
above,

&
EPA Evaluation of Response: The requested change was made. This response is acceptable.

&

v (ES plans fo use different coment to plug the well than the one proposed for

EPA Evaluation of Response: This response is acceptabie

Considerarions based on the vesults of Pre-Uperational FestingMaodeling Updates:

o The Injeciion Well Plugging Flan and well schematic will need (o be revised to repre
Morvepo and Ponoche Formations, the sefoct
Jowest USDW based on geaphys ws’ fops and modified interpretation of site geniog

injection well is drifled and completed.

depths of the

cfed ?r’?u{’ flon zoneg, and the s’f?ﬂﬁ\‘ ?

o The fingl well plugging vohematios will need to reflect UFES s decizion fo infect info the Second
Fanacke {the primary ugjssczu)i;s furgedt oF the Fourth Panoche fthe alternate injection zone) and
reflect the final well construction,

Page i3

ED_006132B_00000771-00089



EPA Evalvation of Response: The responses above are acceptable. EPA will evaluate the final well
schematics when they are submitted.

3.6 Monitoring Well Plugging Plan

The proposed plugging and abandonment procedures are described in Section 7.1 of Attachment E (the
PISC and Site Closure Plan). The attachment describes generally the procedures CES will use to plug the
monitoring wells, including removal of surface fixtures; use of appropriate materials (cements and plugs)
for use in CO: environments; and performance of internal and external MITs and other logs. The
application notes that well specific procedures will be developed and submitted prior to starting
operations.

The plugging and abandonment procedures are generally satisfactory but, as noted above, monitoring well
construction information was not provided. Without well construction details and plugging schematics,
the plugging procedures are deficient and cannot be evaluated.

Questinns/Reguests Jor UER:

IV s e g s PR S e e T ed B it et € ey F 0t 3 e i Fov wetnod PR S PP O O 1y R I R I
°  Please provide proposed construciion details and plugging schamarics jor each of the moniioring

. i
WEELY,

EPA Evaluation of Response: This response is partially acceptable, However, cement plugs should
be placed at the base of the USDW in the OBS-1 and ACZ | wells, similar {0 the recommendation for
the injection well.

Follow-up Question/Reqguest for CES:

e Please add a cement plug in the OBS-1 and ACZ 1 wells at 1,519 to 1,315 feet or extend the
plug at the surface casing shoe to 1,315 feet to cover the base of the USDW in the updated
plan.

Considerations bused on the vesults of Pre-Opeorariond Testing Modeling Updates:
* EPA will need to review the plugging procedures based on updated geclogic informution and

consiraction schematios after the wells are drilled and completed.
3.7 Corrective Action on Wells in the AoR

Attachment B describes two wells within the AoR that penetrate the Moreno Shale confining zone:
Amstar 1 (drilled into the First Panoche Sands) and BB Co. 1 (drilled to basement rock). The Attachment
describes the five wellbores located within the AoR and the condition of the two deficient wellbores.

The attachment describes the process by which CES identified wells within a 2.5-mile radius of the
proposed injection well, determined which wells penetrate the Moreno Shale confining zone, and
reviewed drilling and abandonment records for the wells that penetrate the confining zone. It appears that
CES used appropriate methods to identify all artificial penetrations throughout the AoR and the list of
artificial penetrations is complete (see the AoR modeling report for additional information).

Attachment D describes the plugging procedures for the Amstar 1 and BB Co 1 wells (the two wells that

require corrective action). Figures 14 and 15 from Attachment B are inserted below to illustrate the
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wellbore condition after the plugging procedure is completed in each wellbore.
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]Jv-wellbov;e after P&A Figure 15: Amstar | wellbore after P&A operation

Figure 14: BB Co.
operation

The Amstar 1 and BB Co 1 wells currently have only one relatively shallow casing installed (the Amstar
1 has a cemented surface casing at 1,020 feet and the BB Co 1 has a cemented surface casing at 1,745
feet). Each well was drilled much deeper but no production casing was installed and instead each was
open-hole plugged and abandoned, meaning just a small plug of cement is present inside each well’s
drilled production hole. CES proposes to re-enter these two wells, drill out these plugs, and re-plug them.
Under the CES proposed plan, the two wellbores would be filled with Class G cement from total depth
upward into the surface casing and from 110 to 5 feet inside the surface casing. It is unclear why CES is
proposing the use of Class G cement, instead of a CO:corrosion-resistant cement. The depth to the base
of USDWs in each well is not provided.

EPA Evaluation of Response: This response is acceptable. EPA will evaluate the final plugging
schematics when they are submitted with the updated AoR and Corrective Action Plan that will be
submitted after the well is constructed and pre-operational testing is complete.

Follow-up Question/Request for CES:

s The depth to the base of USDWs should be located in cach wellbore and a 200-foot cement
plug should be placed across the USDW base if it is located within the uncemented portion of
the surface casing.

CES proposes to re-plug and abandon the Amstar 1 well prior to injection operations because it is located
within 1.5 miles of the proposed injection well while the BB Co 1 well is located more than 2.32 miles
from the proposed injection well and beyond the modeled AoR. The schedule for re-plugging the BB Co
1 well is not provided except that it will be scheduled second to the Amstar 1 well.

Page {5

ED_006132B_00000771-00091



é}‘é 33751*"?%!'{\?\/(}’?{( AR ?Nf {F

* The deepesy USSP (Wf foadased ot ~ 1 608 eet bas) is 3700 feef above the Moreno Shale which is
the secondary confining Flease provide the depil (o the basenf
{ISTHES in sach of the vwo wells 1o be re-plugged and wﬁfz;«me;zm?’ for covreciive gclion,
&

EPA Evaluation of Response: This response is acceptable at this point in the project. EPA will
gvaluate the final plugging schematics based on a definitive determination of the depth to the USDW
when they are submitted with the updated AoR and Corrective Action Plan.

> Plegse clavify whether CES proposes fo re-plug and abandon the BR Oo § well priov 1o

cammencement of injection aciivities,

EPA Evaluation of Respense: This response is acceptable.

® fm plugging procedures for Amgiar §and 38 o § on pages 23
3 3% inches) however, ;*’?gszrcs {4 qud 13 shoow than

e casing

S inches, Please

o (riven thar the Amstar 1 and BB On T wellbores may eveniually come inio coniact with the

FUT P et § T FEEY © £ e g ISR K FeE T 3 e 5 g F i . TN
infected U022 wye of ¢ OO corrosion-reyiviant cement will be veguired.

EPA Evaluation of Response: This response is acceptable at this point in the project. EPA
will evaluate the final plugging schematics when they are submutted with the updated AoR
and Corrective Action Plan,

NI

anplication narrative shows the ceniroids of the water welllocarions,

&

iy

e
R

& nrovide verified ool facationns of ihe weter wells
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EPA Evaluation of Response: It is assumed this refers to Table 4-4 and/or Figure 4-1. However, EPA’s
question refers to the verified locations of water wells in the AcR.

Follow-up Question/Request for CES:

e EPA roguested the verified locations of water wells in the AoR (and not the locations of monitoring
wells, which it appears that Table 4-4 and Figure 4-1 show). Please provide this mformation.

Considerations based on the vesulis of Pre-Operational Testing/Modeling Undates

* FThe 4of %)eﬁaz’z s and corvective acifon evalugiion will need to

oo
T Eea i e 3 Tos 3 mf the fnionting oy ST o crvied fhe Adewtd nd
m;zj” mition of the thic ,% neyses and depths of the injection and L-‘fi}'éji g sones and the depth qj

the fowest { ,fw??? ) 5% profect site through seissic imaging und information guined during
driliing of the injection well and deep moniforing well

EPA Evaluation of Response: This response is acceptable at this point; EPA will evaluate
the updated AoR and Corrective Action Plan when it is submitted after pre-operational
testing s complete.
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ENCLOSURE §

Evaluation of Applicant Responses to EPA's Technical Review Comments on the
Testing and Monitoring Plan in the CES-Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-
Mendota Class VI UIC Permit. EPA’s Technical Review Comments and recommendations (dated October
28, 2020) are in bige text. CES’s responses (dated November 2, 2020) are provided in =it EPA
evaluations are in red text. EPA expects that all of these questions can be addressed based on available
information, i.e., prior to construction authorization. No confidential business information is included in this
document.

Evaluation of Proposed Testing and Monitoring Activities at the
CES-Mendota Class VI Project

This testing and monitoring evaluation report for the proposed Clean Energy Systems (CES)-Mendota
Class VI geologic sequestration project summarizes EPA’s evaluation of the testing and monitoring CES
proposes to conduct during and following injection operations. Due to the similarities of certain
monitoring activities (e.g., groundwater monitoring and plume and pressure front tracking) to be
performed in the injection and post-injection phases, these activities (as described in Attachments C and E
of the Class VI permit application) are evaluated in a single report. This review also identifies preliminary
questions for CES.

CES notes that they will report the results of all injection-phase testing and monitoring activities in
compliance with the requirements of 40 CFR 146.91. The results of post-injection testing and monitoring
results will be submitted to EPA in annual reports within 60 days following the anniversary date of the
date on which injection ceases.

1.1 Carbon Dioxide Stream Analysis

CES will sample the carbon dioxide (CO-) stream on a quarterly basis at a location after the last stage of
compression. The table below summarizes the analytical parameters that CES proposes for monitoring the
COzstream (from Table 1).

Parameter Analytical Method(s)!

Oxygen ISBT 4.0 (GC/DID)
GC/TCD

Nitrogen ISBT 4.0 GC/DID
GC/TCD

Carbon Monoxide ISBT 5.0 Colorimetric
ISBT 4.0 (GC/DID)

Oxides of Nitrogen ISBT 7.0 Colorimetric

IAmmonia ISBT 6.0 (DT)

Hydrogen Sulfide [SBT 14.0 (GC/SCD)

CO2 Purity ISBT 2.0 Caustic absorption Zahm-Nagel
ALI method SAM 4.1 subtraction method (GC/DID)
GC/TCD

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.

There are no EPA-approved analytical methods for COzinjection streams. The analytical methods CES
proposes to use appear to be from the International Society of Beverage Technologists (ISBT). All of
these analytical methods, except ISBT 6.0 have been employed for other CO2 GS projects, so there is EPA
precedent for their use in EPA Class VI permits.

Page i

ED_006132B_00000771-00094



Most of the proposed analytical parameters match the results of a gas stream analysis that is presented in
Table 8 of the permit application narrative (replicated below). The application notes that the gas stream
will contain 96.78% CO:with some impurities. It is unclear when this sample was taken.

Injectate Composition (Mass Fractions)

From Table 8 of the permit application
H20O 0.002245
02 0.011536
Ho 0.000164
N2 0.001475
CO 0.005322
COz 0.967834
AT 0.0111¢
NO 9.01E-05
INO2 9.03E-08
H2S 0.000144
INH3 1.93E-10

QA procedures for all of the analytical parameters proposed for the CO: stream analysis are documented
and described in the QASP (Section A4a). Two additional parameters related to injectate analysis are
mentioned in some portions of the QASP: total hydrocarbons (THC, ppm v/v as CH4) and sulfur dioxide
(SO2, ppm v/v). For example, they are mentioned on pages 21 and 35 but are not included in the
summary of analytical parameters for the CO:stream in the QASP (Table 6).

Questions/Reqguesis for CES:

o im addision o the proposed
N

P 8 2y f 72 N
ang Mondoring i

(;E}{-‘Efi.{;‘ CrHiil a4 wlication nareat!

an, argnn :zw’,?’v’eu detected in i

finfeciate analviical porameters ideniified in Table 1 of the Texiing

e fnefude d

&

gxplain why analvses for these pavameters is not warranied,

2

28y

cof sample desoribed on Table &

and Mounitoving Plan or

A
(Y

o niald :’ejsfmme"fwm s {f ,:\rsef,féef* dieide {&'i};} gre men !,«mm as pas f <,j¥h (M procedures for

o Whyr is the dute of the

7

injectate chavacierization sumple preses

3

cpplicution narraiive? B4 will reguire another buseline injectate s

5%)35?5??6;’;6&3353&}‘35 of injection.

£

ed on Tuble 8 of the permit

ampfe be anulvzed priovio

EPA Evalvuation of Responses: The above responses are acceptable; EPA will contfirm the
revisions when the updated Testing and Monitoring Plan is submitted.
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Considerations based o8 the vesults of Pre-Operational Testing Modeling Updaies:

'y L Py ST BN Saa [ I S
o Ifthe genchamiced mndeling evalnation indis

i

ang ov change aguifer properties, additional
may be warranted.

fes that any jectaie constiivenis may lead (o

geochemical reactions that could:
analviical parameters for the Injectate analysis

EPA Evaluation of Response: The responsce i3 acceptable. EPA will confirm that the plan has been
updated to reflect this response when CES submits the revised plan,

1.2 Injection Well Testing

The subsections below describe the planned quarterly corrosion monitoring; continuous recording of
injection pressure, rate, and volume to evaluate internal mechanical integrity; and annual external MITs
that will meet the requirements at 40 CFR 146.90(b), (c), and (e).

2.2.0  Corrosion Monitoring

CES proposes to conduct corrosion monitoring using the coupon method. The coupons will be exposed to
conditions similar to those in the borehole, in a parallel flow-through pipe arrangement containing the
stream of high-pressure CO2 at a location downstream of processing equipment and just upstream of
actual injection into the well. According to CES, the samples will be handled and assessed in accordance
with ASTM G1-03. The coupons will be inspected prior to testing and will be removed and inspected on a
quarterly basis. Inspection equipment will be able to dimensionally measure at a tolerance of 0.0001
inches, to weigh at a tolerance of 0.0001 gram, and to photograph or visually inspect at a level of at least
10X magnification.

The proposed coupons will be composed of the materials summarized in Attachment C, Table 5, as
excerpted below:

List of equipment coupons with material of construction (Table 5 of Attachment C)

Equipment Coupon Material of Construction
Pipeline Carbon Steel

‘Long String Casing Carbon Steel

Long String Casing Chrome Alloy

Injection Tubing Chrome Alloy

Wellhead Chrome Alloy

Packer Chrome Alloy

The materials identified for corrosion monitoring were compared to the list of proposed construction
materials for the injection well, Mendota INJ 1, and are shown in Attachment G, Table 2, Casing
Specifications, Table 3, Packer Specifications, and Table 4, Injection Tubing Specifications, and
excerpted below:

Casing specifications (Table 2 of Attachment G)

%6

N
]
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16 15.61 84 NeG 26 13 1486
875 Qi 58.5 N& 2613 40620
7 5.520 38 T-55 Type | 26.13 13430
7 5.9290 A8 TN Q53 14.92 12830 13430

As noted in Table 2 of Attachment G, the conductor, surface, and intermediate casing will be composed
of carbon steel, grades B and N80. The long-string casing will be composed of alloy steel, grades T-95
and TN 95, containing relatively high chrome content.!

It appears that the carbon steel composition of the coupon for corrosion monitoring of the long-string
casing (surface) in Table 5 (from Attachment C) is not representative of the materials, both chrominm
alloy steels, identified for the long-string casing in Table 2 (from Attachment G). It is not clear if the
long-string casing (surface) listed in Table 5 would in fact be used at depth, given its label, and an
equivalent surface long string casing is not listed in Table 2 of Attachment G.

EPA Evaluation of Response: The response is acceptable.

Injection tubing

ifications (Table 3 of Attachment G)

. Cratsi it s Design Coupling Collaps
Depth Interval :}) its dr: . T de” ) Weight Cirade ‘“ B0 LOUPING | et ot Collapse
(feet ametat et ) (AP ;
’ {inches} {inches}
9430 a5 2.992 9.2 L80Cr13 fong 16166 10540

The proposed injection tubing for the injection well will be composed of L80Cr13, or Cr13L80, an alloy
steel with high chromium content, for which the proposed coupon in Table 5 is representative.

Packer specifications (Table 4 of Attachment G)

Eenpth
{inches)

{inches}

Packer luner Diametor

i \
AGHes

3.685

Similarly, the coupon proposed in Table 5 for the packer is representative of the Super 13Cr steel alloy
proposed for the packer in the injection well.

Page 4

ED_006132B_00000771-00097



Although the materials of construction for the pipeline and wellhead are not described in Attachment G, it
is assumed that coupons would be selected to represent these materials.

In addition to the corrosion monitoring described above, CES proposes to perform casing inspection logs
(CILs) to measure the thickness of the injection well casing at the subsurface (as described on page 17 of
Attachment C, and on pages 15 and 18 of Attachment G). (See also the summaries of MITs in Tables 5
and 6 of Attachment G.) The proposed CIL would be performed prior to injection, and at one year
intervals thereafter. CES proposes the following logging tools for this testing: ultrasonic imaging
(PowerFlex), magnetic flux leakage (MFL), casing bond log (CBL) and electro-magnetic imaging
(EMIT). A reduction in thickness of more than 20% of API standard thickness would prompt further
investigation.

Puestions/Reguests for CEX:

3} s eeri e e o oy ode ST TeEY a et s esFoeieedo dur At eodiwmeont & Tahia 8 ey peifoes
o Flease revize the st of casing sirings and materials in Agachment O Table 3o reflect

N 4 PR TR ST T S S e NPy
Avigchment G, Tuble 7, Caging Specifi

cations. For example, please provide g cowpon material

A5 I ey e1f Be ¢ GEI T RIEY S OT sipdvice ) ooy dissme cediooy
represesiiative of long stving casing fywrfacel eg., chrome afloy.

EPA Evaluation of Response: The updates in Appendix A, Table 4-1 of the response
now match Attachment G, Table 2: the response is acceptable.

2 e e I o R SO . o e thr svivvedive cewet s i il orecd v fhirst
o Please provide the Hst of construciion mualerialy fo be used for the pipeline and weilheud 30 that

thhony meret B evamTa e Iy Fhe v g D I S g S S CFE Y
they can be compured 1o the proposed coupon materials for the corvosion testing program.

EPA Evaluation of Response: The response is acceptable. This content should be reflected in
updates to the construction plan following the completion of construction activities.

222 Continuous Monitoring to Evaluate Internal Mechanical Integrity

CES proposes continuous monitoring of temperature and pressure via gauges at three locations within the
injection well: (1) at the surface, (2) in the tubing at the packer, and (3) from the surface to the tubing
packer, via distributed temperature sensing (DTS) fiber. The continuous monitoring program is
summarized in Table 2 of Attachment C, as excerpted below.

Monitoring Injection Rate and Pressure: injection rate and pressure will be monitored via the electronic
temperature/pressures gauges connected to the distributive control system (DCS). The DCS will ensure
that maximum pressure of 2,026 psi at the surface and of 5,677 psi at the bottom hole are not reached.

Monitoring Annular Pressure: the annulus will be filled with brine during injection operations. During
injection, the surface injection pressure should always be at least 1,142 psi, as noted on page 14 of
Attachment C. During shutdown, the surface annulus pressure must maintain the 100 psi difference
between the annulus and the casing. The proposed annulus monitoring system, composed of the
continuous pressure gauge, the head tank, two sets of pressure regulators, and a flood level indicator, will
maintain an annulus pressure between 1,100 and 1,200 psi (see page 14 of Attachment C).

Table 2: Sampling devices, locations, and frequencies for continuous monitoring.
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Parameter Device(s) Location Min. Sampling Min. Recording
Frequency Frequency
Injection pressure Surface 10 seconds S minutes (3)
Injection pressure i ) 10 seconds S minutes (3)
Reservoir - Proximate
to packer
Injection rate Surface 10 seconds 5 minutes (3)
Injection volume Surface 10 seconds S minutes (3)
Annular pressure Surface 10 seconds S minutes (3)
CO2 stream temperature Surface 10 seconds 5 minutes (3)
Temperature Reservoir - Proximate |10 seconds S minutes (3)
to packer
Temperature/ Acoustic DTS/DAS Along wellbore to 10 seconds 1 hour
packer
Annulus fluid volume Surface 4 hour 24 hour

It appears that the annulus pressure of 2,126 psig proposed in the Table of Injection Well Operating
Conditions, in Attachment A is higher than the range of pressures, of 1,100 psi to 1,200 psi, to be
maintained in the annual pressure monitoring system described in the Testing and Monitoring Plan (see
bottom of page 14 of Attachment C).

Cuestions/Reguesss for CES:

37 - : 3 ! . ‘. 5 frd 3 A N i g ST 33y ¢ o Fs
ease desoribe more sxplicitly the Incation/depth of the pressursfemperature gouges af

s

<."’;*

EPA Evaluation of Response: The schematic in Figure 5-1 shows the locations of temperature,
acoustic, and pressure gauges at the depths of the USDW, above the confining zone, and in the
Panoche (consistent with the Testing and Monitoring Plan}. This response is acceptable.

5

e Floave **z:sm the dise ;"g);,a;“‘
ORI

v f:w:’v’g« w the annuluy prossure io be wuintained in the gomudus

00 psi, and the proposed operoting anmdug presyuve ¢

«-.y
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EPA Evaluation of Response: This response i3 acceptable.

{onsiderations based on the resulis of Pre-Operationaf Testing/Modeling Updates:
= The muximum pressure thresholds ideniified fov contivuous moniforing and the anmishus pressure in

2

£ erectfrsmammnr & v B ceodincodoscd pand e oFadoveens Ter £ P S S S P -
Atguchment O may need (0 be udivsied baved on the determination of fingd permii condisions.

EPA Evaluation of Response: This response is acceptable at this time.

2.2.3  External MiTs

As described in the pre-operation testing plan in Sections 4 and 5 of Attachment G, in addition to
deviation checks to be conducted during well construction, CES proposes to perform MITs in both the
injection well and the deep monitoring wells (ACZ 1 And OBS 1, which are described in the section on
Groundwater Quality Monitoring below), in compliance with the regulatory requirements as summarized
in Tables 5 and 6 of Attachment G, excerpted below.

Summary of the Mendota INJ I MITs and pressure fall-off tests to be performed prior fo injection (Table
5 of Attachment G)

ass uie Citatio
40 CFR 146.89(a)(1) MIT — Internal Pressure test Prior to operation
40 CFR 146.87(a)(4) MIT — External Pressure test Prior to operation
Casing inspection Ultrasonic
40 CFR 146.87(a)(4) MIT - External and CBL Prior to operation
40 CFR 146.87(e)(1) Testing prior to operating Pressure fall-off test Prior to operation

MIT5s to be performed on the deep monitoring well(s), MendotaOBS I and
Mendota ACZ 1 (Table 6 of Attachment G)

est Description

MIT - Internal Pressure test Prior to operation

MIT - External Pressure test Prior to operation

Casing  inspection, EMIT,

MIT — External MFL, Ultrasonic and CBL

Prior to operation

Testing prior to operating Pressure fall-off test Prior to operation

During injection operations, CES proposes conducting at least one of four MITs to confirm external
mechanical integrity as summarized in Attachment C, Table 8, which is excerpted below. (Note that, per
40 CFR 146.89(c), at least one of the MITs must be an approved tracer survey such as an oxygen-
activation log or a temperature or noise log, unless an alternate test is approved by the EPA
Administrator.)

EPA Evaluation of Bespense: This response is acceptable.
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Table 8: Mechanical integrity testing (MIT).

Test Description ILocation
\Along wellbore using Distributed Temperature Sensing (DTS)

Temperature Log / Survey or conventional wireline well log
Oxygen Activation Log Wireline Well Log
Pulsed Neutron Logging Wireline Well Log

. . . |Along wellbore using Distributed Acoustic Sensing (DAS);
Acoustic (or Noise) Log/Survey coupled with DAS equivalent or conventional wireline well log
Temperature Log/Survey

Oxygen activation logging, temperature logging, or acoustic (or noise) logging procedures are described
in Attachment C, Section 7.2.1.3 (oxygen activation), Section 7.2.1.1 (temperature), and Sections 7.2.1.5
and 7.2.1.6 (noise). In Section 7.2.1.4, CES proposes testing using pulsed neutron logging.

CES proposes performing these tests annually, which is consistent with the Class VI requirements. The
proposed pulsed neutron logging would occur, as described on page 23 of Attachment C, on a quarterly
basis for 18 months after authorization, and then annually.

{heestions/Regresss foy CES:

wive ;"(}05 FJe‘zm :5 the MiTy

o Please fugiifv the use of pudsed act
desoribed or SO CFR 14688, or (‘f;e“' i

the rexts ideniified ai 30 CF8

csE (35“,(};

EPA Evaluation of Responses: The responses in this section are acceptable.
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2.3 Pressure Fall-Off Testing

CES described nearly identical PFOT procedures in the Testing and Monitoring Plan and in the
Construction Plan (Attachment G). See the construction and plugging evaluation report for the results of
our review of the PFOT procedures. At the conclusion of the reviews, the Testing and Monitoring Plan
will need to be revised to address any issues identified.

Cruestions/Reguests for CES:

»  The testing and monitoring plan quetes the Class VI Rulde reguivement that & PFOT be performed
i v Tests and Report Submission ™)

stevery 5 vears, It also states (under “Timing of Fail
Trests woast be conducted annually. Please elanify the plarmed Begueney of PFOTs

during the injaction phase.

EPA Evaluation of Response: The response is acceptable.

2.4 Groundwater Quality Monitoring

CES plans to monitor groundwater quality above the confining zone using direct and indirect methods.

Direct Groundwater Quality Monitoring

CES plans to perform direct groundwater quality monitoring via four (4) shallow groundwater monitoring
wells (GW1, GW2, GW3, and GW4), a USDW monitoring well (USDW 1), and an above confining zone
monitoring well (ACZ1).

The approximate locations of the monitoring wells are shown on the map on the left in the figure below
(from Figure 1 of Attachment C). The locations are preliminary and are expected to be refined as the
project develops.

« GWI1,GW2, GW3, and GW4 are shallow groundwater monitoring wells used to monitor the
quaternary/shallow aquifers around the site that are sources of drinking water. CES plans to
sample in one interval. The precise depths of these groundwater monitoring wells will be
determined when the groundwater characteristics of the site are better understood, but they are
expected to be somewhere between 50 and 500 feet deep.

*  Mendota USDW 1 will be used to sample from the Santa Margarita or the base of the USDW,
and it will be located within 1,000 feet of the injection well.

The ACZ1 monitoring well will be completed in the Garzas Formation or the first permeable
sandstone above the Moreno Shale (confining zone). The well will be in the up-dip direction of
the Moreno Formation, or in the event a potential fault is identified on the 3D seismic within the
AoR CES states that “the well will be in the direction of the fault intersection of the Moreno

formation.”

* In addition, the Mendota OBS 1 monitoring well will be completed in the Panoche Sand and will
be used to monitor plume migration. See “CO2 Plume Monitoring,” below.
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Location of monitoring wells Delineated AoR

The map of monitoring well locations can be compared to the expected extent of the plume after
20 years, as shown on the map to the right of the figure above (from Figure 12 of Attachment B).
While the scales of the maps in the plans are different, they have the same legend and it appears
that the monitoring wells will be located within the defined AoR and in the anticipated direction
of plume and pressure front movement. The suitability of these proposed locations will be
refined as the AoR modeling evaluation proceeds.

CES indicates that the precise locations of the wells will be determined in future phases of the
project (it is unclear what this means relative to construction of the injection well and pre-
operational testing). However, the location and construction of the wells will need to be
approved prior to issuing a Class VI permit. This is typically included with the permit to
construct the injection well; if this is not possible, the permit will need to include conditions such
that authorization to inject cannot be given until a separate review of the monitoring well
locations and their construction is performed. CES should note that the Central Valley Water
Board indicated that any newly drilled monitoring wells must be approved by the Water Board
and, while existing wells would not need to be approved, the Water Board expressed interest in
any plans to use existing wells as monitoring wells.

Groundwater quality monitoring above the confining zone will include baseline monitoring and
monitoring during the injection and post-injection phases of the project:

. Baseline fluid sampling at the shallow monitoring wells (GW1, GW2, GW3, and
GW4) and USDW 1 will occur quarterly for at least one year prior to injection.

. Baseline fluid sampling at Mendota ACZ 1 will occur during well construction and
once prior to injection.
. Injection phase groundwater quality sampling and monitoring will be performed

quarterly in GW1, GW2, GW3, GW4, and USDW 1 and annually in ACZ 1
. During the post-injection phase, monitoring in GW1, GW2, GW3, GW4, and
USDW 1 will be quarterly for 3 to 5 years post-injection and then annually

afterwards. Monitoring in ACZ 1 will be annual for years 1 through 3, then in years
5,7, and 10 after injection ceases.

Page it}

ED_006132B_00000771-00103



Table 6 shows the planned monitoring methods, locations, and frequencies for groundwater
quality and geochemical monitoring above the confining

Table 7 of the Testing and Monitoring Plan (replicated below) identifies the analytical and field
parameters for groundwater sampling above the confining zone. CES proposes to analyze for the same
parameters in Table 2 of the PISC and Site Closure Plan. Groundwater quality analytical methods are all
EPA-approved Methods and are addressed in the QASP.

The parameters appear to be appropriate for groundwater quality monitoring needs for GS
projects, and are consistent with other Class VI monitoring programs. It is recommended that
CES add zinc to the groundwater quality monitoring parameters to complement the monitoring
of other commonly occurring heavy metals (Cu, Pb, Cr, Co). Note that, as additional information
is gathered based on the reviews of other parts of the permit application or pre-operational data
collection, recommendations or requirements for additional analytical parameters may be

provided.

Cations: 1CP-MS,
Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, 1, and Tl EPA Method 6020
Cations: ICP-OES,
Ca, Fe, K, Mg, Na, and Si EPA Method 6010B
Anions: lon Chromatography,
Br, Cl, F, NO3, and SO4 EPA Method 300.0'
Dissolved CO2 Coulometric titration,
ASTM D513-11
Total Dissolved Solids Gravimetry; Method 2540 C[11
Alkalinity Method 2320 B 1Ml
pH (field) EPA 150.1

Specific conductance (field)

Method 2510-B [11

Temperature (field)

Thermocouple

Santa Margarita or base of USDW

Cations: ICP-MS,

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, 711, and Tl EPA Method 6020
Cations: ICP-OES,

Ca, Fe, K, Mg, Na, and Si EPA Method 6010B
Anions: Ton Chromatography,
Br, Cl, F, NO3, and SO4 EPA Method 300.0"
Dissolved CO2

Coulometric titration,
ASTM D513-11

Isotopes: 5=2C of DIC

I[sotope ratio mass spectrometry

Total Dissolved Solids

Gravimetry; Method 2540 C[11

Alkalinity Method 2320 B [11
pH (field) EPA 150.1

Specific conductance (field) Method 2510-B [11
Temperature (field) Thermocouple
Garzas

Cations: ICP-MS,

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, #x, and Tl EPA Method 6020
Cations: ICP-OES,

Ca, Fe, K, Mg, Na, and Si EPA Method 6010B
Anions: lon Chromatography,
Br, Cl, F, NO3, and SO4 EPA Method 300.0"
Dissolved CO2

Coulometric titration,
ASTM D513-11

Isotopes: 5:2C of DIC

I[sotope ratio mass spectrometry

Total Dissolved Solids

Gravimetry; Method 2540 C [11
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Alkalinity Method 2320 B [11
pH (field) EPA 150.1
Specific conductance (field) Method 2510-B [11
Temperature (field) Thermocouple

Note 1: ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectrometry; GC-P = gas
chromatography - pyrolysis. An equivalent method may be employed with the prior approval of the UIC Program Director.

2.5 Indirect Groundwater Quality Monitoring

Indirect groundwater quality monitoring activities above the confining zone will include DAS (distributed
temperature/acoustic) monitoring and pulsed neutron monitoring in ACZ 1, OBS 1, and INJ 1 (the
injection well). Following a baseline log, DAS monitoring will be continuous throughout injection phase
and during the first three years of post-injection phase monitoring.

Questions/Reqguesis for CES:

§ Gt F & Faeviase phre f RN e e oo theei v vhovae
o Fleave provide o mup that shows the location of the montioring wells wf o scale that alvo vhows

the exient of the plume and pressure frons (e, Figure 12 of Anachment 8 and Figure 1 of

Angchmeny O ar the sume sogle)

& b

EPA Evaluation of Response: The map has been provided as described. Jtis
understood that the monitoring well locations are preliminary, and the final locations
will depend on the final site characterization data, updated modeling, and findings about
the transmissive nature of any fauits based on 3D seismic surveys. The final locations of
the wells will be evaluated based on this information.

Foliow-up Question/Request for CES:

#  EPA reqguests that Figure 4-1 be included in the updated Testing and Monitoring Plan to
enhance clarity.

o dnble o indicores thay guarterly moniioring in the shaflow welly and USDW T will secur s years

ed froguency af which groundwaier

s §

¢!

'"':*a

cuse also specify the propos

{amd 2 of the ingection phase. Ple 7

sampling will be performed in the remuining vears ¢ ,f ¢ injeciion phase.

EPA Evaluation of Response: The table has been provided as described. The response

is acceptable.

» P4 reguests thor CEX u,u‘z de guar m"t’ mopiioring

of injec

a1y 1} sinoe Hh

vewrs

EPA Evaluation of Response: The table has been provided as described. The response
is acceptable.

o Plegse remove DAS and pulved newivon monitoring from Table 8, as these ave not groundwaier

BMORLOring m/mzéque;\,
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EPA Evaluation of Response: The table has been edited as described, The response is
acceptable.

Please add oine o the groundwaler guality monitoring parameters in Table 7 o complemeny the
s

moniforing of other comumoniy occurying beavy metals (Cn, f‘é’* Cr, Ok

u

EPA Evaluation of Response: The table has been edited as deseribed. The response is
acceptable.

Plogse analvze the d7C of the njectate and include it among the injectate testing parameters,

EPA Evaluation of Response: The updated Tabie 1 (injectate analysis} is not included in the
response; EPA will confirm the addition of d”°C to the table when the updated Testing and
Monitoring Plan is submitted. The response is otherwise acceptable.

vy

i monitoring pargmeiers o allow comparizons

FE 4 will reguive including warer density in the 40

of water gualitv monitoring povameters above and below the confining rone and fo support

undersfanding of fluid densizy in the ZLPL‘{{? W for calowlation of the oritical pressure,

EPA Evaluation of Response: Sec the follow-up request below.

Fallow-up Question/Request for CES:

+ Table 4-2 of Appendix A relates to monitoring activities and locations and does not appear
to include water density. EPA requests that water density be added to Table 7 of the Testing
and Monitoring Plan.

Flease explain the seque 3 everis reparding data collection {i e, seismic and water guality

FOE Oy
evafuaiions and Mﬁzi wed do 5 mcrdelis fﬁi; and the defermingtion ’Pf !35&;’!‘3!(6“;;"0 wef! nmwzsm and

depths. I iy not clear based on the Testing and Moniroring Plas how O

i 2 S e

wposex (o coffect the
daie to inform proposed moniforing well placemens.

Page i3

ED_006132B_00000771-00106



on puge {7 wates that {0 med the reguiremenis af 40 CFR

vo monitor groundwaler gquality in the fivsy USDWs immediarely

The reguirernent to monitor ‘L%i}“«‘s below the injection
ywvatvers and does not apply tothe

above and §3g EGW the m;g ction zonefsh

e operaing i r;du injection depth

1

zone only applies i
CES projoct. Please @aiz m sertenes accordingly,

EPA Evaluation of Besponse: The response is acccpﬁa‘b}e.

Testing and Monitoring Plan ms’s: ates

cer, Table 7 does ot include §
sampling proposed (0 be performe ff in (Piﬁ fisfor ff' ¢ purpose Qf
fe & or Tuble 7

Table & of the
DN | howe
clarify whether the |

groun nadhwater Q?ia’;é{bij’ ;M):‘s:i(;:x:fﬁ’ lO0a })£3£: &P ff(si"@. g ﬂ}zu’v‘w gither fub

R J SN SN
GOU0F (A;Si,:"iff}/

EPA Evaluation of Response: See the follow-up question below.

Follow-up Question/Request for CES:

It is unclear how the activities listed in the bottom half of Table 4-2 in Appendix A demonstrate wel

integrity (L.e., per 40 CFR 146.89). Should this refer to plume tracking?

The spreadyvheet of proposed festing and moniforing aosivitiey submizied with the application

cantinuons DAS monitoring will be pevformed in ING ¥ however, thiy iy nof
rep

{ Monitoring Plan. Pleuse clarify the discy 52

&

&

indicates thai

inciuded in Tuble 6 of the Testing ane

EPA Evaluation of Response: Sce the follow-up request below,

Follow-up Question/Request for CES:
EPA requests that Table 6 include DAS monitoring for completeness, even if the frequency of

&
monitoring may need to be timed with shut in of the injection well.
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froguencd

A 2

FPlegse S iy the » sz};,<;w<! SO mv and f\:mﬂ"ffreeg;

LER

during the injection phase (Lo, Include informasion similar (o ]

Closure Plan in the Testing :gw’ Muonitoring Plank

EPA Evaluation of Response: Sce the follow-up question below,
Foliow-up Question/Request for CES:

e CESindicated in the previous response that DNAS monitoring only makes sense during shut-
in periods. It is assumed, therefore, that the freguencies in this response would apply during
shut-in times, when CES proposes to do the DAS monitoring. Is this correct?

{onsiderations based on the results of Pre-Operationa! Testing/Modeling Updares:

o imew information or wpdaies o the geochemival modeling bused on pre-operationsl vesting
heuriace gs. schamical processes fe.g, (;'{pmsf,f,sfz fchanges in

raives additional concerns about subsur
subsurface properiies or porential contaminani mobilization), the izt of grovmdhvater guality

aralviica! parameters will nesd o be revizite (5 fo muke sure thai ol velevant parameters are

represenied. fn particuiar, the list o fcm(;‘ e should be wmgm: ed qguinst comprehensive

fa

grnundwater cs"zf%n'si.sff;f' ancivves and zzzmmm’w:, on fhe eralogy an f,f whale-rock ¢ m sirv of

.
o CES proposes g {vear alternative posi-injection sire care fme frame and nofes in fffzej“ﬁi
am:‘ff% i (fm*ef Plan ,/E*F'igf mend 13} that the pogi injection stte care planh ‘;iif/ inadived
ng performed wsing the dafa o be ¢
cte. 1, based on the updated modeling, this thme frame is
rrvstndwater mnitor xéf SEY ¢ will nead 1o be revised
joction,
.

icafions for sach a,f' e monitoring

o EPA will need fo review construciion g-’;‘agr%ﬁs/e rex and spec

wells prior jo construcion; addiionad formution is provided i the well construction and

k3

»  The focation Qfﬂ/i{fg} wifl depend on the final gite choracierization evaluation and findings about
.}?(' p -

%

EPA Evaluation of Responses: The responses above are acceptable.
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2.6 O, Plume and Pressure Front Tracking

CES described plans for CO: plume and pressure front tracking that include (1) the use of direct methods for
tracking the pressure front within the injection zone [40 CFR 146.90(g)(1)] and (2) direct measurements at
OBS 1 and indirect geophysical techniques to track the extent of the CO:plume [40 CFR 146.90(g)(2)].

261 COo Plume Monitoring

CES proposes direct monitoring of the extent of the COz plume will be accomplished by fluid sampling in the
Second Panoche Sand in the Mendota OBS 1 well to the northeast of the injection well to help confirm
predictions of CO: plume movement. The precise location of this well will be based on where the AoR
delineation model predicts detectable pressure change within 6 months and CO: saturation of 10 to 20% within
approximately one year.

Baseline sampling to monitor the CO: plume will be performed during well construction and then once prior to
mjection. The monitoring frequency during the injection phase will be annual; and during the post-injection
phase, monitoring will be annual during years 1 through 3 and in years 5, 7, and 10. However, if CES
anticipates CO:z saturations of 10-20% at OBS 1 within the first year of injection, it would be appropriate to
sample more frequently in the first one or two years in case the predictions are an underestimate or
overestimate. The analytical parameters are the same as those planned for groundwater quality monitoring
above the confining zone, with the additional parameter of water density.

Proposed indirect COz plume monitoring activities include pulsed neutron monitoring, a 3D surface seismic
survey or a combination of borehole and surface seismic, and time-lapse vertical seismic profile (VSP) survey:
»  Pulsed neutron logging within the Panoche Sands will be performed in OBS 1 and the injection
well (Mendota INJ 1) to monitor the formation CO.. Following a baseline log in each well,
pulsed neutron logging during the injection phase will be quarterly through year 1.5, then
annually afterwards; post-injection phase logging will be performed in years 1, 3, 5, 7, and 10.

*  Time-lapse VSP surveys will be performed at Mendota OBS 1 to monitor the migration of the
plume over an area of about 100 to 2,000 acres. The surveys will be performed during well
construction to establish a baseline, and during years 2, 3, and 4 of the injection phase. Therewill
be no VSP monitoring during the post-injection phase.

*  Surface 3D seismic surveys will be performed prior to construction to establish a baseline and in
year 3 of the injection phase. Post-injection phase 3D seismic surveys will be performed during
years 1, 5, and 10 after injection ceases.

The Testing and Monitoring Plan is unclear as to whether time-lapse VSP surveys or 3D surface seismic
surveys (or both) are planned. This decision will need to be made prior to issuing the Class VI permit (or
at least prior to authorization to inject). If CES only plans to perform time-lapse VSP, this monitoring
activity will need to extend into the post-injection phase, and the imaging will need to encompass an area
on the larger end of the range CES identifies in order to encompass the entire 2.2 square mile AoR.

262 Pressure Front Monitoring

Proposed direct pressure front monitoring activities include continuous pressure/temperature (P/T)
monitoring and distributed temperature sensing (DTS). This monitoring will target the First, Second, and
Third Panoche Sands at Mendota OBS 1 and the injection interval at the Mendota INJ 1 injection well.
Following baseline measurements, continuous direct pressure front monitoring will occur throughout the
injection phase and in Years 1-3 of the post-injection phase. After year 3 post-injection, annual P/T
measurements will be taken (with no additional DTS).
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Proposed additional pressure front monitoring will be accomplished via continuous passive seismic
monitoring to detect seismic events over M 1.0 within the AoR. The application states that there will be
multiple target locations at a combination of borehole and seismic stations within the AoR but doesnot

identify the specitic locations.

Cuestinns Requests for CES:

2 B indivatey that fluid sampling for OO plume and pressure front sracking will be

erformed in QB8 1 What paramesery doey UES propose fo analyze?

EPA Evaluation of Response: This clarification addresses the question. The response is acceptable

i ¥

o AP will reguive thas divecy COvmonitoring in QRS T be performed move freguentiv than
anmually fn the initial veaes of iwjection {le., through vear 2} o validaie modeled predictions of

£t

IS MOGVemeni.

EPA Evaluation of Response: The answer is not clear with respect to what happens at the Z-year mark.

Follow-up Question/Request for CES:

e Hegarding the CO» monitoring frequency in OBS1, does shifting to annual sampling after the
first 1.5 years of injection mean that the next sampling event after year 1.5 willbe at 2.5
years? If so, then the required guarterly monitoring frequency does not extend through year 2
{i.e., sampling would not be performed in the final 2 guarters of the second vear of injection).
Please revise the Testing and Monitoring Plan to indicate that COs menitoring in OBS1 will
oceur 3, 6,9, 12, 15, 18, 21, and 24 months after commencement of injection, then annually
theruafter.

Changed to quarterly monitoring for Years 0-1.5 and Annually form Years 1.5 and on

o The spreadshest of testing and HORiory s fnfection profile monitoring

{Spimnerd surveys in INJ §and OO as divect OO, phusme monioring aotivities and

i'f’}‘ giec *fi’s‘s(ﬁf@‘ iﬁ(‘;“-‘&"iﬂ/‘&’i”

monitoring of infection volume in f\i f @8 @ prexiure front monii

these do not QPRRCEr 1o he ,?;'? e Qa‘fv;:ﬁ CESHYe fi"(;”f! MOS0 fffi’ fechnl u’bc‘*«’ Flease vemove them

2
red

vt o Fereidse . P o R PN & - -3 »; . . .
From the testing and monitoring sivategy ov clartfy how they will be wsed 10 rack the Chplume

and pressure fronf in the subsurface.

k3
EPA Evaluation of Response: The response clarifies that although spinner surveys are not direct
meastrements of pressure or CO; saturation, they support overall monitoring of project performance and
impmvcd model calibration.
. N §owill be performed in Years
rmed i the fufer years of the 55’;;5,-,.,
s il @ angerment demonsivation,
®
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EPA Evaluation of Response: The response is acceptable. EPA requests that this be included in the updated
Testing and Monitoring Plan.

Pleave olarily how the VSF and 30 seivmic will work together o provide plume fm"f:mg faking

fiad

imto goonunt the capabilities aud sivengihs of each method). In pa;s‘f»wf v, i iy imporians that

euch rexd ix emnloved af o consizien! freguency throughout the injection and posi-is

10 afiow (i{gm gxwieg?(;h{w:*% o suppori the wom-endangerment demonsiration.

EPA Evaluation of Response: The response is acceptable. EPA requests that this be included in the updated
Testing and Monitoring Plan.

What iy the planned resolution usd extent of the 3 seivmic surveys?

EPA Evaluation of Response: The response is acceptable. EPA requests that this be included in the ypdated
Testing and Monitoring Plan.

Theve are munsrous inoonsisiencies between the fables in Attachmenis U and ¥ and the

spregdshest of testing and monijoring (*cfzfvm'ev fe.g., in f'izé‘ Freguencies qf wi “c;% vgrious festing

and }3@1}3?{5{3?;}?25 aoivisies are i be performed). Please revise the spreadshest ov the plans us

necded or resolve the discrepancies,

EPA Evaluation of Response: The response is acceptable. EPA will confirm the revisions when the updated
Testing and Monitoring Plan and PISC and Site Closure Plan are submitted.

Fleave describe the proposed passive selsmic moniforin

¢ neiwork {ie, the sumber and focution
Y Sigie oy feiiuasi" aperaied fo.g, U

af moniforing siations). Ave an

{L i yeismic ;”?é(’)i?:l(”’fif ¥

stations nearby that will inform seismic

EPA Evaluation of Response: The response is acceptable.

The spreadsheet of testing and moniioring gofivi

fndicaies fhat {:-w!msw:asz,x DTN moniioring
regsuve front fracking i QRS 1 for the first 3 voars of the post-injeciion

Ble 5 of the PISC :si:d Site Closure Plan, Please

will e performed fo

Site cave fmeframe, but s s nof included in Ta
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of

elarifv the discrepancy,

»
EPA Evaluation of Response: It is assumed this response refers to Table 6. EPA will
confirm the revision when the updated PISC and Site Closure Plan is submitted.

. ',?f(s:fn wity additional DTS moniioring is not proposed bevond vear 3 posi-injeciion,

§ By :miﬁxa@ f’ H €:f<‘f§i£'mimf 5&33;35}{%51255%;"{% »‘W}szm;s*fs:v is s wsrmszmi.

purticaleriy in v
endangerment stsz.@mﬁ‘a. o

.

EPA Evaluation of Response: The response 1s acceptable. EPA will confirm the revisions when the
updated Testing and Monitoring Plan is submitted.

Considerations based on the vesults of Pre-Operutional Testing Modeling Updates:

ER owu:;%c,%;ffwf modeling} jo

Iy v <2 . o §¢ fs s evon fpe o d vy e 2 .
v Updated modeling {msmerica! multinhase franspovi modeling
;

demonsirate the adeguacy of the ;wsgwsm Fveur aliernutive poyt injection site cure time frame

X SR S S s g fen oy e e i i i e
wifl be conducted in the pre-operational festing phase. I this time

i 2 d .

B

4 JRUSUR SR SRR N ) ) R O S engnd F
the wpdaied modeling, the post-injection phane and pressure fromi i

fe revised aocovdinglv.

k3
EPA Evaluation of Response: The response is acceptable.

o Fhe mapy in the application on which moniioring locutions ave overfain fe.g., Figures 3 through
7 of the Testing and Monitoring Plan) ave baved on the pre-consiruction ém’f‘ modeling resulis;
ary chunges o the predicted position of the (O plume and pressure front based on the Ao
ssif.fa’efmg evaluation i??é?}’ necessiinie reexamination of focations and revision of these

k3

EPA Evaluation of Response: The response is acceptable.

o Mendota OBX §is curvanilv deseribed as targeting the Second Panoche Sand,) if the Fourdh

Panache (the ulternate injection zonel is sefecied, this moniforing well should penetrate and be

{5 iy < oven s T Y P T R S .
SCPSERSE IR NG SO LIKCWISE, pressis s?ﬂd)i:f?é’m RS FROE zone would be
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EPA Evaluation of Response: The response is acceptable.

0

73 - N A N rep3 e s 3 N i
o CEN will need fo clarify which seivmic methods wi

used (Le., VNP andlor surface yeismic

- ]

ARG, e G

y . i if -
e W Bloedd 1

survey) prioy o aushorization of Injection. If ondy

fe ar g yange cfoser 1o the high end of the range e, 2,000 uores} fo encompusy the envire 4of

S iy

EPA Evaluation of Respanse: The response is acceptable.

o Fhe QASE may need to be updated when final detersinations are made based on pre-operationgd

£rs e APy A v e eyt £ s d v iorsd Fo .
festi g about specific festing and ??;f)?izfe,)ng activiries {e.g., relaied o plume and presaure fromt

EPA Evaluation of Response: The response is acceptable.
2.7 Air/Soil or Other Testing and Monitoring
Based on the currently available information about the geologic setting (i.e., the depth of the injection
formations and the lack of evidence for the presence of transmissive faults or fractures), surface air and/or

soil gas monitoring are not needed to detect movement of fluid that could endanger USDWs within the
AoR.

Considerations bused on the vesults of Pre-Opeorariond Testing Modeling Updates:

planned pre-operational festing, wnceriainties abowr the genlogic

need for aiv andior soif goy moniioring or other moniforing willbe

EPA Evaluation of Response: The response is acceptable.

2.8 Quality Assurance Procedures

EPA evaluated the Quality Assurance Surveillance Plan (QASP) submitted with the permit application to
verify that all of the testing activities, analytes, etc., included in the QASP are consistent with planned
injection and post-injection phase testing and monitoring. The QASP described sampling methods;
sample handling and custody; analytical methods; quality control; instrument/equipment testing,
inspection, and maintenance; data management, e.g., recordkeeping and tracking practices; and data
review, verification, and validation procedures.

Most monitoring activities listed in Attachment C: Testing and Monitoring Plan were addressed in the
QASP. The exceptions are two MITs: temperature logging and oxygen activation (OA) logging. The
procedures for these MITs should be described in the QASP as they are not sufficiently detailed and
described in the Testing & Monitoring Plan.

All of the monitoring activities listed in Attachment E: Post-Injection Site Care and Site Closure Plan
were addressed in the QASP.
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Uuestions/Reguests for CES:

. s, pleaye revise the QASE o include the ¢

fo demonstrafe externad ME fincludi

EPA Evaluation of Response: The response is acceptable, EPA will review the procedures when the
updated QASP is submitted.
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